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Gentle  Reader, 

rhe  volume  of  "  Curiosities"  which'  I  here  present  to  your 
notice  is  a  portion  of  the  result  of  a  long  course  of  reading,  obser- 
vation, and  research,  necessary  for  the  compilation  of  thirty  volumes 
of  "Arcana  of  Science"  and  "Year -Book  of  Facts,"  published 
from  1828  to  1858.  Throughout  this  period— nearly  half  of  the 
Psahnist's  "days  of  our  years" — I  have  been  blessed  with  health 
and  strength  to  produce  these  volumes,  year  by  year  (with  one 
exception),  upon  the  appointed  day;  and  this  with  unbroken 
attention  to  periodical  duties,  frequently  rendered  harassing  or 
ungenial.  Nevertheless,  during  these  three  decades  I  have  found 
my  account  in  the  increasing  approbation  of  the  reading  public, 
which  has  been  so  largely  extended  to  the  series  of  "  Things  not 
GENERALLY  Known,"  of  which  the  present  volume  of"  Curiosities 
OP  Science"  is  an  instalment.  I  need  scarcely  add,  that  in  its  pro- 
gressive preparation  I  have  endeavoured  to  compare,  weigh,  and 
consider,  the  contents,  so  as  to  combine  the  experience  of  the  Past 
with  the  advantages  of  the  Present. 

In  these  days  of  universal  attainments,  when  Science  becomes 
not  merely  a  luxury  to  the  rich,  but  bread  to  the  poor,  and  when 
the  very  amusements  as  well  as  the  conveniences  of  life  have  taken 
a  scientific  colour,  it  is  reasonable  to  hope  that  the  present  volume 
may  be  acceptable  to  a  large  class  of  seekers  after  "  things  not 
generally  known."  For  this  purpose,  I  have  aimed  at  soundness  as 
weU  as  popularity ;  although,  for  myself,  I  can  claim  little  beyond 
being  one  of  those  industrious  "  ants  of  science"  who  garner  facts, 
and  by  selection  and  comparison  adapt  them  for  a  wider  circle  of 
readers  than  they  were  originally  expected  to  reach.  In  each  case, 
as  far  as  possible,  these  "Curiosities"  bear  the  mint-mark  of  au- 
thority; and  in  the  living  list  are  prominent  the  names  of  Humboldt 
and  Herschel,  Airy  and  Whewell,  Faraday,  Brewster,  Owen,  and 
Agassiz,  Maury,  Wheatstone,  and  Hunt,  from  whose  \\Titings  and 
researches  the  following  pages  are  frequently  enriched. 

The  sciences  here  illustrated  are,  in  the  main,  Astronomy  and 
Meteorology  ;  Geology  and  Paleontology  ;  Physical  Geography  ; 
Sound,  Light,  and  Heat;  Magnetism  and  Electricity, —  the  latter 
with  special  attention  to  the  great  marvel  of  our  times,  the  Elec- 
tro-magnetic Telegraph,  I  hope,  at  no  very  distant  period,  to  ex- 
tend the  "  Curiosities"  to  another  volume,  to  include  branches  of 
Natural  and  Experimental  Science  which  are  not  here  presented. 
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THE  GEEAT  ROSSE  TELESCOPE. 

■  The  originator  and  architect  of  this  magnificent  instrument  had  long 
been  distinguished  in  scientific  research  as  Lord  Oxinantown  ;  and  may 
be  considered  to  have  gracefully  commemorated  his  succession  to  the 
Earldom  of  Rosse,  and  his  Presidency  of  the  Royal  Society,  by  the  com- 
pletion of  this  marvellous  work,  with  which  his  name  will  be  hereafter 
indissolubly  associated. 

The  Great  Reflecting  Telescope  at  Birr  Castle  (of  which  the  Fron- 
tispiece represents  a  portion*)  will  be  foimd  fully  described  at  pp.  96-99 
of  the  present  volume  of  Curiosities  of  Science. 

This  matchless  instrument  has  already  disclosed  "forms  of  stellar 
arrangement  indicating  modes  of  dynamic  action  never  before  contem- 
plated in  celestial  mechanics."  "  In  these  departments  of  research, — 
the  examination  of  the  configiu-ations  of  nebulae,  and  the  resolution  of 
uebulje  into  stars  (says  the  Rev.  Dr.  Scoresby), — the  six-feet  speculum 
has  had  its  grandest  triumphs,  and  the  noble  artificer  and  observer  the 
highest  rewards  of  his  talents  and  enterprise.  Altogether,  the  quan- 
tity of  work  done  during  a  period  of  about  seven  years — inchiding  a 
winter  when  a  noble  phUanthi-opy  for  a  starving  population  absorbed  the 
keenest  interests  of  science — has  been  decidedly  great ;  and  the  new 
knowledge  acquired  concerning  the  handiwork  of  the  great  Creator 
amply  satisfying  of  even  sanguine  expectation." 


SIR  HUMPHRY  DAVY's  OWN  MODEL  OF  HIS  SAFETY-LAMP. 

Of  the  several  contrivances  which  have  been  proposed  for  safely  light- 
ing coal-mines  subject  to  the  visitation  of  fire-damp,  or  carbm-etted 
hydrogen,  the  Safety-Lamp  of  Sir  Humphry  Davy  is  the  only  one  which 
has  ever  been  judged  safe,  and  been  extensively  employed.  The  in- 
ventor first  turned  his  attention  to  the  subject  in  1815,  when  Davy 
began  a  minute  chemical  examination  of  fire-damp,  and  found  that  it 
required  an  admixture  of  a  large  quantity  of  atmospheric  air  to  render 
it  explosive.  He  then  ascertained  that  explosions  of  inflammable  gases 
were  incapable  of  being  passed  through  long  narrow  metallic  tubes, 
and  that  this  principle  of  security  was  still  obtained  by  diminishing 
their  length  and  increasing  their  number.  This  fact  led  to  trials  upon 
sieves  made  of  wire-gauze;  when  Davy  found  that  if  a  piece  of  wire- 
gauze  was  held  over  the  flame  of  a  lamp,  or  of  coal-gas,  it  prevented 
the  flame  from  passing  ;  and  he  ascertained  that  a  flame  confined  in  a 
cyHnder  of  very  fine  wire-ga\ize  did  not  explode  even  in  a  mixture  of 
oxygen  and  hydrogen,  but  that  the  gases  bui-nt  in  it  with  great  vivacity. 

These  experiments  served  as  the  basis  of  the  Safety-Lamp.  The 
apertures  in  the  gauze,  Davy  tells  us  in  his  work  on  the  subject,  should 
not  be  more  than  of  an  inch  square.  The  lamp  is  screwed  on  to 
the  bottom  of  the  wire-gauze  cylinder.  When  it  is  lighted,  and  gradu- 
ally introduced  into  an  atmosphere  mixed  with  fire-damp,  the  size  and 
length  of  the  flame  are  first  increased.  When  the  inflammable  gas  forms 
as  mnch  as  ^ijth  of  the  volume  of  air,  the  cylinder  becomes  filled  with  a 
feeblo  blue  Same,  within  which  the  flame  of  the  wick  burns  brightly,  and 
the  hg«  t  of  the  wick  continues  till  the  fire-damp  increases  to  ^th  or  ith  ; 

•  From  a  photograph,  with  figures,  to  showth-*  relative  size  of  the  tube  aperture. 
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it  is  tten  lost  in  the  flame  of  the  fire-damp,  which  now  fills  the  cy under 
with  a  pretty  strong  light;  and  when  the  foul  air  constitutes  one-third 
of  the  atmosphere  it  is  no  longer  fit  for  respiration —and  this  ought  to 
be  a  signal  to  the  miner  to  leave  that  part  of  the  workings. 

Sir  Humphry  Davy  presented  his  first  communication  respecting 
his  discovery  of  the  Safety- Lamp  to  the  Royal  Society  in  1815.  This 
wasfollowed  by  a  series  of  papers  remarkable  for  tl^^^r  |imphcity  and 
clearness,  crowned  by  that  read  on  the  11th  of  January  1816,  when  the 
principle  of  the  Safety-Lamp  was  announced,  and  Su-  Humphry  pre- 
sented to  the  Society  a  model  made  by  his  own  hands,  which  is  to  this 
day  preserved  in  the  collection  of  the  Royal  Society  at  Burlington  House. 
From  this  interesting  memorial  the  Vignette  has  been  sketched. 

There  have  been  several  modifications  of  the  Safety-Lamp,  and  the 
merit  of  the  discovery  has  been  claimed  by  others  among  whom  was 
Mr.  George  Stephenson;  but  the  question  was  set  at  rest  forty-one 
years  since  by  an  examination,-attested  by  Sir  Joseph  Banks  P.R.S  , 
Mr  Brande,  Mr.  Hatchett,  and  Dr.  WoUaston.-andawardmgthemde- 
^^^Korlubsu'SS  though  not  a  more  honourable  tostim^^^^^^ 
aoororal  was  given  by  the  coal-owners,  who  subscribed  25Q0L  to  pur- 
chase a  saperb^service^f  plate,  which  was  suitably  inscribed  and  pre- 

''''Meanwhu7the  Report  by  the  Parliamentary  Committee  "cannot 
admit  St  the  experiments  (made  with  the  Lamp)  have  any  tendency 
toTetract  from  tL  character  of  Sir  Humphry  Davy  or  to  disparage 
jL  flir  value  Saced  by  himself  upon  his  invention.  The  miprovement^ 
iTeoSbablv  those  which  longer  Ufe  and  additional  facts  would  have 
fnLced  ffi  contemn  as"desirable,  and  of  which,  had  he  not  been 
the  inventor  he  might  have  become  the  patron.  t 

Se  Siple  of  the  invention  may  be  thiis  summed  up.  In  the 
Safetv-Lamp  the  mixture  of  the  fire-damp  and  atmospheric  air  wi^ 
the  cLe  oT^e-gauze  explodes  upon  commg  in  contact  ^ith  the  flame 
but  thf  combustion  cannot  pass  through  the  wire-gauze,  and  being  there 
fT^r^rSonT  cannot  impart  to  the  explosive  atmosphere  of  the  mine  any 
oT?ts  force.    ThS  effect  has  been  erroneously  attributed  to  a  coohng 

'^^SXl'pia^^^^      eloquently  described  the  Safety-Lamp  of  Da^ 

research,  and  strongly  ex-empmyuig  ^  ^Lracterisine  the  invention  as 
constant  appeal  to  experiment  ^^^'J^^^f^xl^ea  most  violent  and 
the  shutting-up  m  a  net  ff/*/''.''ftr^^^^          effects  seems  to 

irresistible  force,  and  a  power  that  in  its  tremendous  en 
eiiiulatethelghtnmg^^^^^  and  the 

SoftK^^esyX^^^^^^ 

as  long  as  'r°/  of  art  or  science 

be  faurly  said  that  there  s  haraiy  in  ^  ^^^^^^^  ^ 


choose  to  place  before  Bacon,  ^^^^.^f  ^"  "J'^'^Va^^^^  philo- 

route  which  she  ought  to  pursue. 

•  Weld's  History  oj  (he  Boyal  Society,  vol.  ii.  p.  !««• 
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SCIENCE  OF  THE  ANCIENT  WORLD. 

L\  every  province  of  human  knowledge  where  we  now  possess 
a  careful  and  coherent  interpretation  of  nature,  men  began  by 
attempting  in  bold  flights  to  leap  from  obvious  facts  to  the 
highest  point  of  generality— to  some  wide  and  simple  principle 
which  after-ages  had  to  reject.    Thus,  from  the  facts  that  all 
bodies  are  hot  or  cold,  moist  or  dry,  they  leapt  at  once  to  the 
doctrine  that  the  world  is  constituted  of  four  elements— earth, 
air,  fire,  water;  from  the  fact  that  the  heavenly  bodies  circle 
the  sky  in  courses  which  occur  again  and  again,  they  at  once 
asserted  that  they  move  in  exact  circles,  with  an  exactly  uni- 
form motion  ;  from  the  fact  that  heavy  bodies  fall  through  tlie 
air  somewhat  faster  than  light  ones,  it  was  assumed  that  all 
bodies  fall  quickly  or  slowly  exactly  in  proportion  to  their 
weight ;  from  the  fact  that  the  magnet  attracts  iron,  and  that 
this  force  of  attraction  is  Capable  of  increase,  it  was  inferred 
that  a  perfect  magnet  would  have  an  irresistible  force  of  at- 
traction, and  that  the  magnetic  pole  of  the  earth  would  di-aw 
the  nails  out  of  a  ship's  bottom  which  came  near  it ;  from  the 
fact  that  some  of  the  finest  quartz  crystals  are  found  amoncr 
the  snows  of  the  Alps,  it  was  inferred  that  the  crystallisation 
of  gems  is  the  result  of  intense  and  long-continued  cold  •  and 
soonm  innumerable  instances.    Such  anticipations  as  "these 
constituted  the  basis  of  almost  all  the  science  of  the  ancient 
world ;  for  such  principles  being  so  assumed,  consequences  were 
drawn  from  them  with  great  ingenuity,  and  systems  of  such 

deductions  stood  in  the  place  oi^cieu^^Q.— Edinburgh  Review 
JNo.  216.  ' 

SCIENCE  AT  OXFORD  AND  CAMBRIDGE, 

The  earliest  science  of  a  decidedly  English  school  is  due 
for  the  most  part,  to  the  University  of  Oxford,  and  special^ 
to  Merton  College,— a  foundation  of  which  Wood  i-emarks  that 
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there  was  no  other  for  two  centuries,  either  in  Oxford  or  Paris, 
which  could  at  all  come  near  it  in  the  cultivation  of  the  sci- 
ences. But  he  goes  on  to  say  that  large  chests  full  of  the 
writers  of  this  college  were  allowed  to  remain  untouched  by 
their  successors  for  fear  of  the  magic  which  was  supposed  to  be 
contained  in  them.  Nevertheless,  it  is  not  difficult  to  trace 
the  liberalising  effect  of  scientific  study  upon  the  University  in 
general,  and  Merton  College  in  particular ;  and  it  must  be 
remembered  that  to  the  cultivation  of  the  mind  at  Oxford  we 
owe  almost  all  the  literary  celebrity  of  the  middle  ages.  In 
this  period  the  University  of  Cambridge  appears  to  have  ac- 
quired no  scientific  distinction.  Taking  as  a  test  the  acqui- 
sition of  celebrity  on  the  continent,  we  find  that  Bacon,  Sa- 
crobosco,  Greathead,  Estwood,  &c.  were  all  of  Oxford.  The 
latter  University  had  its  morning  of  splendour  while  Cambridge 
was  comparatively  unknown ;  ijt  had  also  its  noonday,  illus- 
trated by  such  men  as  Briggs,  Wren,  Wallis,  Halley,  and 
Bradley. 

The  age  of  science  at  Cambridge  may  be  said  to  have  begun 
with  Francis  Bacon  ;  and  but  that  we  think  much  of  the  dif- 
ference between  him  and  his  celebrated  namesake  lies  more  in 
time  and  circumstances  than  in  talents  or  feelings,  we  would 
rather  date  from  1600  with  the  former  than  fi-om  1250  with 
the  latter.  Praise  or  blame  on  either  side  is  out  of  the  ques- 
tion, seeing  that  the  earlier  foundation  of  Oxford,  and  its 
superiority  in  pecuniaiy  means,  rendered  all  that  took  place 
highly  probable ;  and  we  are  in  a  great  measure  indebted  for 
the  liberty  of  writing  our  thoughts,  to  the  cultivation  of  the 
liberalising  sciences  at  Oxford  in  the  dark  ages. 

With  regard  to  the  University  of  Cambridge,  for  a  long 
time  there  hardly  existed  the  materials  of  any  proper  instruc- 
tion, even  to  the  extent  of  pointing  out  what  books  should  be 
read  by  a  student  desii-ous  of  cultivating  astronomy. 

Plato's  suevey  of  the  sciences. 

Plato,  like  Francis  Bacon,  took  a  review  of  the  sciences  of  his  time  : 
he  enumerates  arithmetic  and  plane  geometry,  treated  as  collections 
of  abstract  and  permanent  truths  ;  solid  geometry,  which  he  notes 
as  deficient"  in  his  time,  although  in  fact  he  and  his  school  were  m 
possession  of  the  doctrine  of  the  "five  regular  solids;  astronomy,  in 
which  he  demands  a  science  which  should  be  elevated  above  the  meio 
knowledge  of  phenomena.  The  visible  appearances  of  the  heavens 
only  su4est  the  problems  with  which  true  astronomy  deals  ,  as  beau- 
tiful geometrical  diagrams  do  not  prove,  but  «°ly  f  "^^^^ ^^^^  whTch 
propositions.  Finally,  Plato  notices  the  subject  of  barmomcs  m  which 
he  requires  a  science  which  shall  deal  with  truths  more  exact  than  the 
ear  can  establish,  as  in  astronomy  he  requires  truths  more  exact  than 

'^^^^rs^^etururpfper  Plato  speaks  oi  Dialectic  as  a  still  higher 
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element  of  a  philosophical  education,  fitted  to  lead  men  to  the  know- 
ledge of  real  existences  and  of  the  supreme  good.  Here  he  describes 
dialectic  by  its  objects  and  purpose.  In  other  places  dialectic  is  spoken 
of  as  a  method  or  process  of  analysis ;  as  in  the  Fhadrus,  where  Socrates 
desci'ibes  a  good  dialectician  as  one  who  can  divide  a  subject  according 
to  its  natural  members,  and  not  miss  the  joint,  like  a  bad  carver. 
Xenophon  says  that  Socrates  derived  dialectic  from  a  term  implying 
to  divide  a  subject  into  parts,  which  Mr.  Grote  thinks  unsatisfactory  as 
an  etymology,  but  which  has  indicated  a  practical  connection  in  the 
Socratic  school.  The  result  seems  to  be  that  Plato  did  not  establish 
any  method  of  analysis  of  a  subject  as  his  dialectic;  but  he  conceived 
that  the  analytical  habits  formed  by  the  comprehensive  study  of  the 
exact  sciences,  and  sharpened  by  the  practice  of  dialogue,  would  lead 
his  students  to  the  knowledge  of  first  principles. — Dr.  Wheweli. 

FOLLY  OF  ATHEISM. 

Morphology,  in  natural  science,  teaches  us  that  the  whole 
animal  and  vegetable  creation  is  formed  upon  certain  funda- 
mental types  and  patterns,  which  can  be  traced  under  various 
modifications  and  transformations  through  all  the  rich  variety 
of  things  apparently  of  most  dissimilar  build.  But  here  and 
there  a  scientific  person  takes  it  into  his  foolish  head  that  there 
may  be  a  set  of  moulds  without  a  moulder,  a  calculated  grada- 
tion of  forms  without  a  calculator,  an  ordered  world  without 
an  ordering  God.  Now,  this  atheistical  science  conveys  about 
as  much  meaning  as  suicidal  life  :  for  science  is  possible  only 
where  there  are  ideas,  and  ideas  are  only  possible  where  there 
is  mind,  and  minds  are  the  offspring  of  God ;  and  atheism 
itself  is  not  merely  ignorance  and  stupidity, — it  is  the  purely 
nonsensical  and  the  unintelligible. — Professor  Blackie  ;  Edin- 
burgh Essays,  1856. 

,  THE  ART  OF  OBSERVATION. 

^  To  observe  properly  in  the  very  simplest  of  the  physical 
sciences  requires  a  long  and  severe  training.  No  one  knows 
this  so  feelingly  as  the  great  discoverer,  Faraday  once  said, 
that  he  always  doubts  his  own  observations.  Mitscherlich  on 
one  occasion  remarked  to  a  man  of  science  that  it  takes 
fourteen  years  to  discover  and  establish  a  single  new  fact  in 
chemistry.  _  An  enthusiastic  student  one  day  betook  himself  to 
Baron  Cuvier  with  the  exhibition  of  a  new  organ — a  muscle 
which  he  supposed  himself  to  have  discovered  in  the.  body  of 
some  living  creature  or  other  ;  but  the  experienced  and  saga- 
cious naturalist  kindly  bade  the  young  man  return  to  him  with 
the  same  discovery  in  six  months.  The  Baron  would  not  even 
listen  to  the  student's  demonstration,  nor  examine  his  dissec- 
tion, till  the  eager  and  youthful  discoverer  had  hung  over  the 
object  of  inquiry  for  half  a  year ;  and  yet  that  object  was  a 
mere  thing  of  the  sensQ3— North-British  Review.  No.  18. 
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MUTUAL  KELATIONS  OF  PHENOMENA. 

In  the  observation  of  a  phenomenon  which  at  first  sight 
appears  to  be  wholly  isolated,  how  often  may  be  concealed  the 
getm  of  a  great  discovery !    Thus,  when  Galvam  first  stimu- 
lated the  nervous  fibre  of  the  frog  by  the  ^^^'^^""^^l ^l^l^^'^l 
two  heterogeneous  metals,  his  contemporaries  co^l^  never  have 
anticipated  that  the  action  of  the  voltaic  pile  would  discover 
to  us  in  the  alkalies  metals  of  a  silver  lustre,  s«  Ij^^  as  to 
swim  on  water,  and  eminently  inflammable  ;  or  that  it  would 
become  a  powerful  instrument  of  chemical  analysis,  and  at  the 
same  tLe'a  thermoscope  and  a  magnet  When  Huyghens  fir^^^ 
observed,  in  1678,  the  phenomenon  of  the  P<?l-;-^f^^P^  f 
exhibited  in  the  difference  between  two  rays  ^^^^  ^^^^^^^^^^^^^^^^ 
of  lio-ht  divides  itself  in  passing  through  a  doubly  retracting 
cry  tal  it  could  not  have  been  foreseen  that  a  century  and  a 
haK  late  Te  great  philosopher  Arago  would,  by  his  discovery  of 

mont  of  Iceland  spar,  whether  solar  hght  emanates  from  a  soiia 
bodv  or  a  Sous  covering  ;  or  whether  comets  transmit  light 
diiecti;,  or'merdj  by  r.^!cU.-Hur.hoWs  Cosmos,  vol.  x. 

PRACTICAL  RESULTS  OF  THEORETICAL  SCIENCE. 
What  are  the  great  wonders,  the  great  sources  of  man's 
mat~  engtl^,  weal?'       T/ o^  meranr—I^^^ 

^rti^^^^^^^^^^^ 

TarSi^ore'quickly  than  P^^^^^^^^ 
Stn^S  ttet»att 

the  discoveries,  by  Watt  and  others  «"^™,^;,^^ation  of 
Railway  Bridge  is  not  ^ftj'^'ll^l,^^^^^  STific  exami- 
raaterials,  but  by  the  jJ^^.^.S  s'^eug^    to  every 

nation  of  the  means  of  gmng  the  I^^^g^J^^^  Britannia 
part,  as  in  the  S'-e-t  example  «4f(^;^Si,  « 
Bridge  over  the  ^enai  Strait     ihe  oor^^^^  impossible  for  air. 
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the  laws  of  Magnetism.  The  Electric  Telegraph  and  the  Elec- 
trotype process  include  in  their  principles  and  mechanism  the 
most  complete  and  subtle  results  of  electrical  and  magneticai 
theory. — Edinburgh  Review,  No.  216. 

PERPETUITY  OF  IMPEOVEMENT. 

In  the  progress  of  society  all  .great  and  real  improvements 
are  perpetuated :  the  same  corn  which,  four  thousand  years 
ago,  was  raised  from  an  improved  grass  by  an  inventor  wor- 
shiped for  two  thousand  years  in  the  ancient  world  under  the 
name  of  Ceres,  still  forms  the  principal  food  of  mankind  ;  and 
the  potato,  perhaps  the  greatest  benefit  that  the  old  has  derived 
from  the  new  world,  is  spreading  over  Europe,  and  will  con- 
tinue to  nourish  an  extensive  population  when  the  name  of  the 
race  by  whom  it  was  first  cultivated  in  South  America  is  for- 
gotten.— Sir  H.  Davy. 

THE  EARLIEST  ENGLISH  SCIENTIFIC  TREATISE. 

GeoflFrey  Chaucer,  the  poet,  wrote  a  treatise  on  the  Astro- 
labe for  his  son,  which  is  the  earliest  English  treatise  we  have 
met  with  on  any  scientific  subject.  It  was  not  completed ;  and 
the  apologies  which  Chaucer  makes  to  his  own  child  for  writing 
in  English  are  curious  ;  while  his  inference  that  his  son  should 
therefore  "  pray  God  save  the  king  that  is  lord  of  this  lan- 
guage," is  at  least  as  loyal  as  logical. 

philosophers'  FALSE  ESTIMATES  OF  THEIR  OWN  LABOUES. 

Galileo  was  confident  that  the  most  important  part  of  his 
contributions  to  the  knowledge  of  the  solar  system  was  his 
Theory  of  the  Tides— a  theory  which  all  succeeding  astrono- 
mers have  rejected  as  utterly  baseless  and  untenable.  Des- 
cartes probably  placed  far  above  his  beautiful  explanation  of 
the  rambow,  his  d  priori  th&ovy  of  the  existence  of  the  vortices 
which  caused  the  motion  of  the  planets  and  satellites.  New- 
ton perhaps  considered  as  one  of  the  best  parts  of  his  optical 
researches  his  explanation  of  the  natural  colour  of  bodies 
which  succeeding  optical  philosophers  have  had  to  reject ;  and 
he  certainly  held  very  strongly  the  necessity  of  a  material  cause 
lor  gravity,  which  his  disciples  have  disregarded.  Davy  looked 
tor  his  greatest  triumph  in  the  application  of  his  discoveries  to 
prevent  the  copper  bottoms  of  ships  from  being  corroded.  And 
60  m  other  matters.—Minburqh  Review,  No.  216. 

RELICS  OF  GENIUS. 

Professor  George  Wilson,  in  a  lecture  to  the  Scottish  So- 
ciety of  Arts,  says:  "The  spectacle  of  these  things  ministers 
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only  to  the  good  impulses  of  humanity.  Isaac  Newton's  tele- 
scope at  the  Royal  Society  of  London ;  Otto  Guericke's  air- 
pump  in  the  Library  at  Berlin  ;  James  "Watt's  repaired  New- 
comen  steam-engine  in  the  Natural-Philosophy  class-room  of. 
the  College  at  Glasgow  ;  Fahrenheit's  thermometer  in  the  cor- 
responding class-room  of  the  University  of  Edinburgh  ;  Sir  H. 
Davy's  great  voltaic  battery  at  the  Royal  Institution,  London, 
and  his  safety-lamp  at  the  Royal  Society;  Joseph  Black's 
pneumatic  trough  in  Dr.  Gregory's  possession ;  the  first  wire 
which  Faraday  made  rotate  electro-magnetically,  at  St.  Bar- 
tholomew's Hospital ;  Dalton's  atomic  models  at  Manchester  ; 
and  Kemp's  liquefied  gases  in  the  Industrial  Museum  of  Scot- 
laud, —are  alike  personal  relics,  historical  monuments,  and 
objects  of  instruction,  which  grow  more  and  more  precious 
every  year,  and  of  which  we  never  can  have  too  many." 

THE  EOYAL  SOCIETY  :  THE  NATUEAL  AND  SUPEENATUEAL. 

The  Royal  Society  was  formed  with  the  avowed  object  of 
increasing  knowledge  by  direct  experiment ;  and  it  is  worthy 
of  remark,  that  the  charter  granted  by  Charles  II.  to  this  cele- 
brated institution  declares  that  its  object  is  the  extension  of 
natural  knowledge,  as  opposed  to  that  which  is  supernatural. 

Dr.  Paris  {Life  of  Sir  H.  Davy,  vol.  ii.  p.  178)  says  :  The 
charter  of  the  Royal  Society  states  that  it  was  established  tor 
the  improvement  of  natural  science.  This  epithet  natural  was 
originally  intended  to  imply  a  meaning,  of  which  very  few 
persons,  I  believe,  are  aware.  At  the  period  of  the  establish- 
ment of  the  society,  the  arts  of  witchcraft  and  divination  were 
very  extensively  encouraged ;  and  the  word  natural  was  there- 
fore introduced  in  contradistinction  to  supernatural. 

THE  PHILOSOPHEE  BOYLE. 

After  the  death  of  Bacon,  one  of  the  most  distinguished 
Englishmen  was  certainly  Robert  Boyle,  who,  if  compared 
with  his  contemporaries,  may  be  said  to  rank  immediately 
below  Newton,  though  of  course  very  inferior  to  ^^^  ^s  an  ori- 
ginal thinker.  Boyle  was  the  first  who  instituted  exact  expe- 
riments into  the  relation  between  colour  and  heat;  and  by 
this  means  not  only  ascertained  some  very  impof^^t 
but  laid  a  foundation  for  that  union  between  optics  and  ther- 
motics,  which,  though  not  yet  completed,  ^^ow  ^^rely  waits 
for  some  great  philosopher  to  strike  out  a  generalisation  large 
S  ouX  to^  cover  both,  and  thus  fuse  the  two  sciences  into  a 
s  ngle  study.  It  is  also  to  Boyle,  more  than  to  any  other  Eng- 
lishman, that  we  owe  the  science  of  hydrostatics  m  the  state 


Curiosities  of  Science. 


7- 


in  which  we  now  possess  it.*  He  is  also  the  original  discoverer 
of  that  beautiful  law,  so  fertile  in  valuable  results,  according 
to  which  the  elasticity  of  air  varies  as  its  density.  And,  in 
the  opinion  of  one  of  the  most  eminent  modern  naturalists,  it 
was  Boyle  who  opened  up  those  chemical  inquiries  which  went 
on  accumulating  until,  a  century  later,  they  supplied  the 
means  by  which  Lavoisier  and  his  contemporaries  fixed  the 
real  basis  of  chemistry,  and  enabled  it  for  the  first  time  to 
take  its  proper  stand  among  those  sciences  that  deal  with  the 
external  world. — Buckle's  History  of  Civilization,  vol.  i. 

SIB  ISAAC  Newton's  eooms  and  laboratory  in  trinity 

COLLEGE,  CAMBRIDGE. 

Of  the  rooms  occupied  by  Newton  during  his  early  resi- 
dence at  Cambridge,  it  is  now  difficult  to  settle  the  locality. 
The  chamber  allotted  to  him  as  Fellow,  in  1667,  was  "  the 
Spiritual  Chamber,"  conjectured  to  have  been  the  ground- 
room,  next  the  chapel,  but  it  is  not  certain  that  he  residfed 
there.  The  rooms  in  which  he  lived  from  1682  till  he  left 
Cambridge,  are  in  the  north-east  corner  of  the  great  court, 
on  the  first  floor,  on  the  right  or  north  of  the  gateway  or 
principal  entrance  to  the  college.  His  laboratory,  as  Dr. 
Humphrey  Newton  tell  us,  was  "  on  the  left  end  of  the  garden, 
near  the  east  end  of  the  chapel ;  and  his  telescope  (refracting) 
was  five  feet  long,  and  placed  at  the  head  of  the  stairs,  going 
down  into  the  garden,  "f  The  east  side  of  Newton's  rooms  has 
been  altered  within  the  last  fifty  years :  Professor  Sedgwick 
who  came  up  to  college  in  1804,  recollects  a  wooden  room' 
supported  on  an  arcade,  shown  in  Loggan's  vleiT,  in  place  of 
which  arcade  is  now  a  wooden  wall  and  brick  chimney. 

r>r.  Humphrey  Newton  relates  that  in  college  Sir  Isaac  very  rarely 
went  to  bea  till  two  or  three  o'clock  in  the  morning,  sometimes  not  till 
five  or  SIX,  especially  at  spring  and  fall  of  the  leaf,  when  he  used  to 
employ  about  six  weeks  in  his  laboratory,  the  fire  scarcely  going  out 
either  night  or  day  ;  he  sitting  up  one  night,  and  Humphrey  another, 
till  he  had  finished  his  chemical  experiments.  Dr.  Newton  describes 
the  laboratory  as  well  furnished  with  chymical  materials,  as  bodves 
receivers,  heads,  crucibles,  &c.,  which  was  made  very  Uttle  use  of  ye 
crucibles  excepted,  in  wliich  he  fused  his  metals :  he  would  some- 
times, though  very  seldom,  look  into  an  old  mouldy  book,  which  lav  in 
his  laboratory  ;  I  think  it  was  titled  Agricola  de  Metallis,  the  trans- 
muting of  metals  being  his  chief  design,  for  which  purpose  antimony 

*  Dr.  Wliewell  (Bridgewater  Treatise,  p.  266)  well  observpq  flmf  -Rn-irlo  ot,^ 
Pascal  are  to  hydrostatics  what  Galileo  i's^o  mechIn!L?ScopeS 
and  Newton  are  to  astronomy.  v^vvciuii-uo,  x4.t;pier, 

I  T'lrnor  recollects  that  Mr.  Jones,  the  tutor,  mentioned  in  one 

of  his  lectures  on  optics,  that  the  reflecting  telescope  belonging  to  Newton  wa« 
then  lodged  in  the  observatory  over  the  gateway ;  and  Mr  Turner  thinks  tw 
he  once  saw  it,  with  a  finder  affixed  to  it.  minits  that 
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was  a  great  ingredient."  "  His  brick  furnaces,  pro  re  nata,  he  made 
and  altered  himself  without  troubling  a  bricklayer."  "  What  obser- 
vations he  might  make  with  his  telescope,  I  know  not,  but  several  of 
his  observations  about  comets  and  the  planets  may  be  found  scattered 
here  and  there  in  a  book  iutitled  The  Elements  of  Astronomy,  by  Dr. 
David  Gregory."* 

Newton's  "  apple-tkee." 

Curious  and  manifold  as  are  the  trees  associated  with  the 
great  names  of  their  planters,  or  those  who  have  sojo\imed  in 
their  shade,  the  Tree  which,  by  the  falling  of  its  fruit,  sug- 
gested to  Newton  the  idea  of  Gravity,  is  of  paramount  interest. 
It  appears  that,  in  the  autumn  of  1665,  Newton  left  his  college 
at  Cambridge  for  his  paternal  home  at  Woolsthorpe.  "  When 
sitting  alone  in  the  garden,"  says  Sir  David  Brewster,  "  and 
speculating  on  the  power  of  gravity,  it  occurred  to  him,  that  as 
the  same  power  by  which  the  apple  feU  to  the  ground  was  not 
sensibly  diminished  at  the  greatest  distance  from  the  centre  of 
the  earth  to  which  we  can  reach,  neither  at  the  summits  of 
the  loftiest  spires,  nor  on  the  tops  of  the  highest  mountains, 
it  might  extend  to  the  moon  and  retain  her  in  her  orbit,  in 
the  same 'manner  as  it  bends  into  a  curve  a  stone  or  a  cannon- 
ball  when  projected  in  a  straight  line  from  the  surface  of  the 
earth." — Life  of  JVewton,  vol.  i.  p.  26.  Sir  David  Brewster 
notes,  that  neither  Pemberton  nor  Whiston,  who  received  from 
Newton  himself  his  first  ideas  of  gravity,  records  this  story  of 
the  falling  apple.  It  was  mentioned,  however,  to  Voltaire  by 
Catherine  Barton,  Newton's  niece  ;  and  to  Mr.  Green  by  Mar- 
tin Folkes,  President  of  the  Royal  Society.  Su-  David  Brewster 
saw  the  reputed  apple-tree  in  1814,  and  brought  away  a  portion 
of  one  of  its  roots.  The  tree  was  so  much  decayed  that  it  was 
cut  down  in  1820,  and  the  wood  of  it  carefully  preserved  by 
Mr.  Turner,  of  Stoke  Rocheford. 

*  The  story  of  the  dog  "  Diamond"  having  caused  the  burning  of  certain 
papers  is  laid  in  London,  and  in  Newton's  later  years.  In  the  notes  to  Maude's 
Wenleysdale,  a  person  then  living  (1780)  relates,  that  Sir  Isaac  being  called  out 
of  his  study  to  a  contiguous  room,  a  little  dog,  called  Diamond,  the  constant 
but  incurious  attendant  of  his  master's  researches,  happened  to  be  left  among 
the  papers,  and  by  a  fatality  not  to  be  retrieved,  as  it  was  in  the  latter  part  of 
Sir  Isaac's  days,  threw  down  a  lighted  candle,  which  consumed  the  aluiost 
finished  labour  of  some  years.  Sir  Isaac  returning  too  late  but  to  behold  the 
dreadful  wreck,  rebuked  the  author  of  it  with  an  exclamation  (arf  sidera  palmas), 
"  O  Diamond  !  Diamond  1  thou  little  knowest  the  mischief  done !"  without  adding 
a  single  stripe.  M.  Biot  gives  this  fiction  as  a  true  story,  which  happened 
some  years  after  the  publication  of  the  Pnncipia;  and  he  characterises  the  acci- 
dent as  having  deprived  the  sciences  for  ever  of  the  fruit  of  so  much  of  Newton  s 
labours.— Brewster's  Ufe,  vol.  ii.  p.  139,  note.  Dr.  Newton  remarks,  that  Sir 
Isaac  never  had  any  communion  with  dogs  or  cats ;  and  Sir  David  Brewster 
adds,  that  the  view  which  M.  Biot  has  taken  of  the  idle  story  of  the  dog  Dia- 
niond,  charged  with  fire-raising  among  Newton's  manuscripts,  and  oftheinHu- 
ence  of  this  accident  upon  the  mind  of  their  author,  is  utterly  incomprehensible. 
The  fiction,  however,  was  turned  to  account  in  giving  colour  to  M.  Biot  s  misre- 
presentation. 
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De  Morgan  (in  Notes  and  Queries,  2d  series,  No.  139,  p.  169)  qies- 
tions  whether  the  fruit  was  an  apple,  and  maintains  that  the  anecdote 
rests  upon  very  shght  authority  ;  more  esi^ecially  as  the  idea  had  for 
many  years  been  floating  before  the  minds  of  physical  inquirers  ;  al- 
though Newton  cleared  away  the  confusions  and  diflSculties  which  pre- 
vented very  able  men  from  proceeding  beyond  conjectm-e,  and  by  this 
means  established  tmiversal  gravitation. 

Newton's  "  principia." 

"  It  may  be  justly  said,"  observes  Halley,  "  that  so  many 
and  so  valuable  philosophical  truths  as  are  herein  discovered 
and  put  past  dispute  were  never  yet  owing  to  the  capacity  and 
industry  of  any  one  man."  "  The  importance  and  generality 
of  the  discoveries,"  says  Laplace,  "and  the  immense  number 
of  original  and  profound  views,  which  have  been  the  germ  of 
the  most  brilliant  theories  of  the  philosophers  of  this  (18th) 
century,  and  all  presented  with  much  elegance,  will  ensure  to 
the  work  on  the  Mathematical  Principles  of  Natural  Philosophy 
a  preeminence  above  all  the  other  productions  of  human 
genius." 

DESCARTES'  LABOURS  IN  PHYSICS. 

The  most  profound  among  the  many  eminent  thinkers 
France  has  produced,  is  Rene  Descartes,  of  whom  the  least 
that  can  be  said  is,  that  he  effected  a  revolution  more  decisive 
than  has  ever  been  brought  about  by  any  other  single  mind  • 
that  he  was  the  first  who  successfully  applied  algebra  to  geo- 
metry; that  he  pointed  out  the  importa^t  law  of  the  sines; 
that  m  an  age  in  which  optical  instruments  were  extremely 
imperfect,  he  discovered  the  changes  to  which  light  is  sub- 
jected m  the  eye  by  the  crystalline  lens ;  that  he  directed  at- 
tention to  the  consequences  resulting  from  the  weight  of  the 
atmosphere;  and  that  he  moreover  detected  the  causes  of  the 
rainbow.  At  the  same  time,  and  as  if  to  combine  the  most 
Taried  forms  of  excellence,  he  is  not  only  allowed  to  be  the  first 
geometrician  of  the  age,  but  by  the  clearness  and  admirable 
precision  of  his  style,  he  became  one  of  the  founders  of  Frpiich 
prose.  _  And,  although  he  was  constantly  engaged  in  those  lofty 
inquiries  mto_  the  nature  of  the  human  mind,  which  can  never 
be  studied  without  wonder,  he  combined  with  them  a  long 
course  of  laborious  experiment  upon  the  animal  frame,  which 
IfZ  tlje  Inghest  rank  among  the  anatomists  of  his 

Xn/  ^'^f^f'Jl^^^^  by  Jiarvey  of  the  Circulation 
ot  the  Blood  was  neglected  by  most  of  his  contemporaries  :  but 
it  was  at  once  recognised  by  Descartes,  who  made  it  the  basis 
of  the  physiological  part  of  his  work  on  man.  He  was  likewise 
the  discoverer  of  the  lacteals  by  Aselli,  which,  like  eve^  g^^S 
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truth  yet  laid  before  the  world,  was  at  its  first  appearance,  not 
only  disbelieved,  but  covered  with  ridicule. — Buckle  s  History 
of  Civilization,  vol.  i. 

CONIC  SECTIONS. 

If  a  cone  or  sugar-loaf  be  cut  through  in  certain  directions, 
we  shall  obtain  figures  which  are  termed  conic  sections :  thus, 
if  we  cut  through  a  sugar-loaf  parallel  to  its  base  or  bottom, 
the  outline  or  edge  of  the  loaf  where  it  is  cut  will  be  a  circle. 
If  the  cut  is  made  so  as  to  slant,  and  not  be  parallel  to  the  base 
of  the  loaf,  the  outline  is  an  ellipse,  provided  the  cut  goes  quite 
through  the  sides  of  the  loaf  all  round ;  but  if  it  goes  slanting, 
and  parallel  to  the  line  of  the  loaf's  side,  the  outline  is  a  para- 
bola, a  conic  section  or  curve,  which  is  distinguished  by  charac- 
teristic properties,  every  point  of  it  bearing  a  certain  fixed  rela- 
tion to  a  certain  point  within  it,  as  the  circle  does  to  its  centre. 
— Dr.  Faris's  Notes  to  Philosophy  in  Sport,  &c. 

POWEE  OF  COMPUTATION. 

The  higher  class  of  mathematicians,  at  the  end  of  the  seven- 
teenth century,  had  become  excellent  computers,  particularly 
in  England,  of  which  Wallis,  Newton,  Halley,  the  Gregorys,  and 
De  Moivre,  are  splendid  examples.  Before  results  of  extreme 
exactness  had  become  quite  familiar,  there  was  a  gratifying 
sense  of  power  in  bringing  out  the  new  methods.  Newton,  m 
one  of  his  letters  to  Oldenburg,  says  that  he  was  at  one  time  too 
much  attached  to  such  things,  and  that  he  should  be  ashamed 
■  to  say  to  what  number  of  figures  he  was  in  the  habit  of  carrying 
his  results.  The  growth  of  power  of  computation  on  the  Conti- 
nent did  not,  however,  keep  pace  with  that  of  the  same  in  Eng- 
land. In  1696,  De  Lasuy,  a  well-known  writer  on  algebra,  and 
a  inemhe'-  of  the  Academy  of  Sciences,  said  that  the  most  skil- 
ful computer  could  not,  in  less  than  a  month,  find  within  a  umt 
the  cube  root  of  696536483318640035073641037.— Z>eifo7ya7i. 

"  THE  SCIENCE  OF  THE  COSMOS." 
Humboldt  characterises  this  "  uncommon  but  definite  ex- 
pression" as  the  treating  of  "  the  assemblage  of  all  things  with 
which  space  is  filled,  from  the  remotest  nebulae  to  the  climatic 
distribution  of  those  delicate  tissues  of  vegetable  matter  which 
spread  a  variegated  covering  over  the  surface  of  our  rocks. 
The  word  cosmos,  which  primitively,  in  the  Homeric  ages, 
indicated  an  idea  of  order  and  harmony,  was  subsequently 
adopted  in  scientific  language,  where  it  was  gradually  applied 
to  the  order  observed  in  the  movements  of  the  heavenly  bodies  , 
to  the  whole  universe  ;  and  then  finaUy  to  the  world  in  which 
this  harmony  was  reflected  to  us. 
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ALL  THE  "WOKLD  IN  MOTION. 

Humboldt,  in  his  Cosmos,*  gives  the  following  beautiful  illus- 
trative proofs  of  this  phenomenon : 

If,  for  a  moment,  we  imagine  the  acuteness  of  our  senses  preterna- 
turally  heightened  to  the  extreme  limits  of  telescopic  vision,  and  bring 
together  events  separated  by  wide  intervals  of  time,  the  apparent  re- 
pose which  reigns  in  space  will  suddenly  vanish  ;  countless  stars  will  be 
seen  moving  in  groups  in  various  directions;  nebulae  wandering,  con- 
densing, and  dissolving  like  cosraical  clouds  ;  the  milky  way  breaking 
up  in  parts,  and  its  veil  rent  asunder.  In  every  point  of  the  celestial 
vault  we  shall  recognise  the  dominion  of  progressive  movement,  as  on 
the  smface  of  the  earth  whei-e  vegetation  is  constantly  putting  forth  its 
leaves  and  buds,  and  unfolding  its  blossoms.  The  celebrated  Spanish 
botanist,  Cavanilles,  first  conceived  the  possibility  of  "  seeing  grass 
grow,"  by  placing  the  horizontal  mici-ometer  vnve  of  a  telescope,  with  a 
high  magnifying  power,  at  one  time  on  the  point  of  a  bamboo  shoot,  and 
at  another  on  the  rapidly  unfolding  flowei-ing  stem  of  an  American  aloe ; 
precisely  as  the  astronomer  places  the  cross  of  wires  on  a  culminating 
star.  Throughout  the  whole  life  of  physical  nature— in  the  organic  as 
in  the  sidereal  world— existence,  preservation,  production,  and  develop - 
mont,  are  aUke  associated  with  motion  as  their  essential  condition. 

THE  AXIS  OF  ROTATION. 

It  is  remarkable  as  a  mechanical  fact,  that  nothing  is  so  per- 
manent in  nature  as  the  Axis  of  Rotation  of  any  thing  which  ia 
rapidly  whirled.  We  have  examples  of  this  in  every-day  prac- 
tice. The  first  is  the  motion  of  a  hoy's  hoop.  What  keeps  the 
hoop  from  falling  ?— It  is  its  rotation,  which  is  one  of  the  most 
complicated  subjects  in  mechanics. 

Another  thing  pertinent  to  this  question  is,  the  motion  of  a 
quoit.  Every  body  who  ever  threw  a  quoit  knows  that  to  make 
It  preserve  its  position  as  it  goes  through  the  air,  it  is  necessary 
to  give  It  a  whirling  motion.  It  will  be  seen  that  while  whirl- 
ing, it  preserves  its  plane,  whatever  the  position  of  the  plane 
may  be  and  however  it  may  be  inclined  to  the  direction  in 
which  the  quoit  travels.  Now,  this  has  greater  analogy  with 
the  motion  of  the  earth  than  any  thing  else. 

Another  illustration  is  the  motion  of  a  spinning  top.  The 
greatest  mathematician  of  the  last  century,  the  celebrated 
Euler,  has  written  a  whole  book  on  the  motion  of  a  top,  and 
his  Latin  treatise  De  motu  Turhinis  is  one  of  the  most  remark- 
able books  on  mechanics.    The  motion  of  a  top  is  a  matter  of 
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the  greatest  importance ;  it  is  applicable  to  the  elucidation  of 
some  of  the  greatest  phenomena  of  nature.  In  all  these  in- 
stances there  is  this  wonderful  tendency  in  rotation  to  preserve 
the  axis  of  rotation  unaltered. — Prof.  Airy's  Led.  on  Astronomy. 

THE  earth's  annual  MOTION. 

In  conformity  with  the  Copernican  view  of  our  system,  we 
must  learn  to  look  upon  the  sun  as  the  comparatively  motion- 
less centre  about  which  the  earth  performs  an  annual  elliptic 
orbit  of  the  dimensions  and  excentricity,  and  with  a  velocity, 
regulated  according  to  a  certain  assigned  law ;  the  sun  occupy- 
ing one  of  the  foci  of  the  ellipse,  and  from  that  station  quietly 
disseminating  on  all  sides  its  light  and  heat ;  while  the  earth 
travelling  round  it,  and  presenting  itself  differently  to  it  at  dif- 
ferent times  of  the  year  and  day,  passes  through  the  varieties  of- 
day  and  night,  summer  and  winter,  which  we  enjoy. — Sir  John 
HerscheVs  Outlines  of  Astronomy. 

Laplace  has  shown  that  the  length  of  the  day  has  not  varied 
the  hundredth  part  of  a  second  smce  the  observations  of  Hippar- 
chus,  2000  years  ago. 

STABILITY  OF  THE  OCEAN. 

In  submitting  this  question  to  analysis,  Laplace  found  that 
the  equilibrium  of  the  ocean  is  stable  if  its  density  is  less  than  the 
mean  density  of  the  earth,  and  that  its  equilibrium  cannot  be  sub- 
verted unless  these  two  densities  are  equal,  or  that  of  the  earth 
less  than  that  of  its  waters.  The  experiments  on  the  attraction 
of  SchehalHen  and  Mont  Cenis,  and  those  made  by  Cavendish, 
Reich,  and  Baily,  with  balls  of  lead,  demonstrate  that  the  mean 
density  of  the  earth  is  at  least  five  times  that  of  water,  and  hence 
the  stability  of  the  ocean  is  placed  beyond  a  doubt.  As  the  seas, 
therefore,  have  at  one  time  covered  continents  which  are  now 
raised  above  their  level,  we  must  seek  for  some  other  cause  of 
it  than  any  want  of  stability  in  the  equilibrium  of  the  ocean. 
How  beautifully  does  this  conclusion  illustrate  the  language  of 
Scripture,  "  Hitherto  shalt  thou  come,  but  no  further"  !  {Job 
xxxviii.  11.) 

COMPRESSION  OF  BODIES. 

Sir  John  Leslie  observes,  that  air  'compressed  into  the  fiftieth 
part  of  its  volume  has  its  elasticity  fifty  times  augmented :  if  it 
continued  to  contract  at  that  rate,  it  would,  from  its  own  m- 
cumbent  weight,  acquire  the  density  of  water  at  the  depth  of 
thirty-four  miles.  But  water  itself  would  have  its  density 
doubled  at  the  depth  of  ninety -three  miles,  and  would  attain  the 
density  of  quicksilver  at  the  depth  of  362  miles.  In  descending, 
therefore,  towards  the  centre,  through  nearly  4000  miles,  the 
condensation  of  ordinary  substances  would  surpass  the  utmost 
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powers  of  conceptiou.  Dr.  Young  says,  that  steel  would  he 
compressed  into  one-fourth,  and  stone  into  one-eighth,  of  its 
bulk  at  the  earth's  centre.— ifrs.  Somerville. 

THE  WOELD  IN  A  NUTSHELL. 
From  the  many  proofs  of  the  non-contact  of  the  atoms,  even 
in  the  most  solid  parts  of  bodies ;  from  the  very  great  space 
obviously  occupied  by  pores — the  mass  having  often  no  more 
solidity  than  a  heap  of  empty  boxes,  of  which  the  apparently 
solid  parts  may  still  be  as  porous  in  a  second  degree  and  so_  on ; 
and  from  the  great  readiness  with  which  light  passes  in  all  direc- 
tions through  dense  bodies,  like  glass,  rock-crystal,  diamond, 
&c.,  it  has  been  argued  that  there  is  so  exceedingly  little  of 
really  solid  matter  even  in  the  densest  mass,  that  the  whole 
world,  if  the  atoms  could  be  brought  into  absolute  contact, 
might  be  compressed  into  a  nutshell.  We  have  as  yet  no  means 
of  determining  exactly  what  relation  this  idea  has  to  truth. — 
ArnoU. 

THE  WOELD  OF  ATOMS. 

The  infinite  groups  of  atoms  flying  through  all  time  and 
space,  in  different  directions  and  under  different  laws,  have 
interchangeably  tried  and  exhibited  every  possible  mode  of  ren- 
counter :  sometimes  repelled  from  each  other  by  concussion ; 
and  sometimes  adhering  to  each  other  from  their  own  jagged 
or  pointed  construction,  or  from  the  casual  interstices  which 
two  or  more  connected  atoms  must  produce,  and  which  may  be 
just  adapted  to  those  of  other  figures, — as  globular,  oval,  or 
square.  Hence  the  origin  of  compound  and  visible  bodies; 
hence  the  origin  of  large  masses  of  matter ;  hence,  eventually, 
the  origin  of  the  world.— i)r.  Good's  Book  of  Nature. 

The  great  Epicurus  speculated  on  "  the  plastic  nature  "  of 
atoms,  and  attributed  to  this  oiature  the  power  they  possess  of 
arranging  themselves  into  symmetric  forms.  Modern  philoso- 
phers satisfy  themselves  with  attraction;  and  reasoning  from 
analogy,  imagine  that  each  atom  has  a  polar  system. — Hunfs 
Poetry  of  Scieiice. 

MINUTE  ATOMS  OF  THE  ELEMENTS  :  DIVISIBILITY  OF  MATTEE. 

So  minute  are  the  parts  of  the  elementary  bodies  in  their 
ultimate  state  of  division,  in  which  condition  they  are  usually 
termed  atoms,  as  to  elude  all  our  powers  of  inspection,  even 
when  aided  by  the  most  powerful  microscopes.  Who  can  see  the 
particles  of  gold  in  a  solution  of  that  metal  in  aqua  regia,  or 
those  of  common  salt  when  dissolved  in  water  ?  Dr.  Thomas 
Thomson  has  estimated  the  bulk  of  an  ultimate  particle  or 
atom  of  lead  as  less  than  B684920ooooooooth  of  a  cubic  inch. 
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and  concludes  that  its  weight  cannot  exceed  the  ™r 
of  a  grain.  ^^^^ 

This  curious  calculation'  was  made  by  Dr.  Thomson,  in  order 
to  show  to  what  degree  Matter  could  be  divided,  and  stUl 
•  fr^n^ni.  *°  ^^'^^  dissolved  a  grain  of  nitrate  of  lead 
in  500,000  grams  of  water,  and  passed  through  the  solution 
a  current  of  sulphuretted  hydrogen;  when  the  whole  liquid 
became  sensibly  discoloured.  Now,  a  grain  of  water  may 
be  regarded  as  being  almost  equal  to  a  drop  of  that  Hquid 
and  a  drop  may  be  easily  spread  out  so  as  to  cover  a  square 
inch  of  surface.  But  under  an  ordinary  microscope  the  mil- 
lionth of  a  square  inch  may  be  distinguished  by  the  eye.  The 
water,  therefore,  could  be  divided  into  500,000,000,000  parts. 
But  the  lead  in  a  grain  of  niti-ate  of  lead  weighs  0-62  of  -  a 
grain  ;^an  atom  of  lead,  accordingly,  cannot  weigh  more  than 
"!-«.oo67To-owo  th  of  a  gi-ain  ;  while  the  atom  of  sulphur, 
which  m  combination  with  the  lead  rendered  it  visible,  could 
not  weigh  more  than  20 i^ooooooooo,  that  is,  the  two-bHlionth 
part  of  a,  graxn.—Frofessor  Low  ;  Jameson's  Journal,  No.  106. 

WEIGHT  OF  AIE. 

Air  can  be  so  rarefied  that  the  contents  of  a  cubic  foot  shall 
not  weigh  the  tenth  part  of  a  grain  :  if  a  quantity  that  would 
fill  a  space  the  hundredth  part  of  an  inch  in  diameter  be  sepa- 
rated from  the  rest,  the  air  will  still  be  found  there,  and  we 
may  reasonably  conceive  that  there  may  be  several  particles 
present,  though  the  weight  is  less  than  the  seventeen-hun- 
dred-millionth of  a  grain. 

DUEATION  OF  THE  PYEAMID. 

The  great  reason  of  the  duration  of  the  pyramid  above  all 
other  forms  is,  that  it  is  most  fitted  to  resist  the  force  of  gra- 
vitation. Thus  the  Pyramids  of  Egypt  are  the  oldest  monu- 
ments in  the  world. 

INERTIA  ILLUSTRATED. 

Many  things  of  common  occurrence  (says  Professor  Tyndall) 
are  to  be  explained  by  reference  to  the  quality  of  inactivity. 
We  will  here  state  a  few  of  them. 

When  a  railway  train  is  moving,  if  it  strike  against  any  ob- 
stacle which  arrests  its  motion,  the  passengers  are  thrown 
forward  in  the  direction  in  which  the  train  was  proceeding. 
Such  accidents  often  occur  on  a  small  scale,  in  attaching  car- 
riages at  railway  stations.  The  reason  is,  that  the  passengers 
share  the  motion  of  the  train,  and,  as  matter,  they  tend  to 
persist  in  motion.  When  the  train  is  suddenly  checked,  this 
tendency  exhibits  itself  by  the  falling  forward  referred  to.  la 
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like  manner,  when  a  train  previously  at  rest  is  suddenly  set  in 
motion,  the  tendency  of  the  passengers  to  remain  at  rest  evinces 
itself  by  their  fallmg  in  a  direction  opposed  to  that  in  which 
the  train  moves. 

THE  LEANING  TOWER  OF  PISA.* 

Sir  John  Leslie  used  to  attribute  the  stability  of  this  tower 
to  the  cohesion  of  the  mortar  it  is  built  with  being  sufficient  to 
maintain  it  erect,  in  spite  of  its  being  out  of  the  condition  re  - 
quired by  physics — to  wit,  that  "  in  order  that  a  column  shall 
stand,  a  perpendicular  let  fall  from  the  centre  of  gravity  must 
fall  within  the  base."  Sir  John  describes  the  Tower  of  Pisa  to 
be  in  violation  of  this  principle  ;  but,  according  to  later  au- 
thorities, the  perpendicular  falls  within  the  base. 

EARLY  PRESENTIMENTS  OF  CENTRIFUGAL  FORCES. 

Jacobi,  in  his  researches  on  the  mathematical  knowledge  of 
the  Greeks,  comments  on  "  the  profound  consideration  of  nature 
evinced  by  Anaxagoras,  in  whom  we  read  with  astonishment  a 
passage  asserting  that  the  moon,  if  the  centrifugal  force  were 
intermitted,  would  fall  to  the  earth  like  a  stone  from  a  sling. " 
Anaxagoi'as  likewise  applied  the  same  theory  of  "  falling  where 
the  force  of  rotation  had  been  intermitted"  to  all  the  mate- 
rial celestial  bodies.  In  Aristotle  and  Simplicius  may  also  be 
traced  the  idea  of  "the  non-falling  of  heavenly  bodies  when 
the  rotatory  force  predominates  over  the  actual  falling  force, 
or  downward  attraction  ;"  and  Simplicius  mentions  that  "  wa- 
ter in  a  phial  is  not  spilt  when  the  movement  of  rotation  is 
more  rapid  than  the  downward  movement  of  the  water."  This 
is  illustrated  at  the  present  day  by  rapidly  whirling  a  pail  half- 
filled  with  water  without  spilling  a  drop. 

Plato  had  a  clearer  idea  than  Aristotle  of  the  attractive  force 
exercised  by  the  earth's  centre  on  all  heavy  bodies  removed 
from  it ;  for  he  was  acquainted  with  the  acceleration  of  falling 

*  W^hen  at  Pisa,  many  years  since,  Captain  Basil  Hall  investigated  the 
origin  and  divergence  of  tlie  tower  from  the  perpendicular,  and  established 
completely  to  his  own  satisfaction  that  it  had  been  built  from  top  to  bottom 
originally  just  as  it  now  stands.  His  reasons  for  thinlcing  so  were,  that  the  line 
of  the  tower,  on  that  side  towards  which  it  leans,  has  not  the  same  curvature  as 
the  line  on  the  opposite,  or  what  may  be  called  the  upper  side.  If  the  tower 
had  been  built  upright,  and  then  been  made  to  incline  over,  the  line  of  the  wall 
on  that  side  towards  which  the  inclination  was  given  would  be  more  or  less 
concave  in  that  direction,  owing  to  the  nodding  or  "swaggiug  over"  of  the  top, 
by  the  simple  action  of  gravity  acting  on  a  very  tall  mass  of  masonry,  which  is 
more  or  less  elastic  when  placed  in  a  sloping  position.  But  the  contrary  is  the 
fact;  for  the  line  of  wall  on  the  side  towards  which  the  tower  leans  is  decidedly 
more  convex  than  the  opposite  side.  Captain  Hall  had  therefore  no  doubt 
whatever  that  the  architect,  in  rearing  his  successive  courses  of  stones,  gained 
or  stole  a  little  at  each  layer,  so  as  to  render  his  work  less  and  less  overhanging 
as  he  went  up ;  and  thus,  without  betraying  what  he  was  about,  really  gamed 
stability.— See  Fatchwork. 
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bodies,  although  he  did  not  correctly  understand  the  cause. 
J ohn  Philoponus,  the  Alexandrian,  probably  in  the  sixth  cen- 
tury, was  the  first  who  ascribed  the  movement  of  the  heavenly 
bodies  to  a  primitive  impulse,  connecting  with  this  idea  that 
of  the  fall  of  bodies,  or  the  tendency  of  all  substances,  whether 
heavy  or  light,  to  reach  the  ground.  The  idea  conceived  by 
Copernicus,  and  more  clearly  expressed  by  Kepler,  who  even 
applied  it  to  the  ebb  and  flow  of  the  ocean,  received  in  1666 
and  1674  a  new  impulse  from  Robert  Hooke ;  and  next  New- 
ton's theory  of  gravitation  presented  the  grand  means  of  con- 
verting the  whole  of  physical  astronomy  into  a  true  mechanism 
of  the  heavens. 

The  law  of  gravitation  knows  no  exception ;  it  accounts  ac- 
curately for  the  most  complex  motions  of  the  members  of  our 
own  system ;  nay  more,  the  paths  of  double  stars,  far  removed 
from  all  appreciable  effects  of  our  portion  of  the  universe,  are 
in  perfect  accordance  with  its  theory.  * 


HEIGHT  OF  FALLS. 

The  fancy  of  the  Greeks  delighted  itself  in  wild  visions  of  the 
height  of  falls.  In  Hesiod's  Theoqony  it  is  said,  speaking  of  the 
fall  of  the  Titans  into  Tartarus,  "  if  a  brazen  anvil  were  to  fall 
from  heaven  nine  days  and  nine  nights  long,  it  would  reach 
the  earth  on  the  tenth."  This  descent  of  the  anvil  in  777,600 
seconds  of  time  gives  an  equivalent  in  distance  of  309,424  geo- 
graphical miles  (allowance  being  made,  according  to  Galle's 
calculation,  for  the  considerable  diminution  in  force  of  attrac- 
tion at  planetary  distances)  ;  therefore  \\  times  the  distance 
of  the  moon  from  the  earth.  But,  according  to  the  Iliad,  He- 
phsestus  fell  down  to  Lemnos  in  one  day  ;  "  when  but  a  little 
breath  was  still  in  him." — Note  to  HuniholdCs  Cosmos,  vol.  iii. 


KATE  OF  THE  FALL  OF  BODIES. 

A  body  falls  in  gravity  precisely  1 6 feet  in  a  second,  and 
the  velocity  increases  according  to  the  squares  of  the  time,  viz.  : 

In  J  (quarter  of  a  second)  a  body  falls  .      .     1  foot. 
h  (half  a  second)  4  feet. 

1  second  16 

2  ditto  64  „ 

3  ditto  144  „ 

*  Lord  Bacon  proposed  that,  in  order  to  determine  whether  the  gravity  of  the 
earth  arises  from  the  gravity  of  its  parts,  a  clock-pendulum  should  be  swung  in 
a  mine,  as  was  recently  done  at  llarton  colliery  by  the  Astronomer  Royal. 

When,  in  1812,  Ampere  noted  the  phenomena  of  the  pendulum,  and  showed 
that  its  movement  was  produced  only  when  the  eye  of  the  observer  was  fixed 
on  the  instrument,  and  endeavoured  to  prove  thereby  that  the  motion  was  due  to 
a  play  of  the  muscles,  some  members  of  the  French  Academy  objected  to  the 
consideration  of  a  subject  connected  to  such  an  extent  with  superstition. 
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The  power  of  gravity  at  two  miles  distance  from  the  earth  is 
four  times  less  than  at  one  mile ;  at  three  mUes  nine  times 
less,  and  so  on.  It  goes  on  lessening,  but  is  never  destroyed. 
— JVotes  in  various  Sciences. 

VARIETIES  OF  SPEED. 

A  French  scientific  work  states  the  ordinaiy  rate  to  be : 

per  second. 

Of  a  man  walking  4  feet. 

Of  a  good  horse  in  harness  . 
Of  a  rein-deer  in  a  sledge  on  the  ice 
Of  an  English  race-horse  . 
Of  a  hare  .... 
Of  a  good  sailing  ship 
Of  the  wind 

Of  sound  .... 
Of  a  24-pounder  cannon-ball 


12  „ 

26  „ 

43  „ 

88  „ 

19  „ 

82  „ 

1038  „ 

1300 


LIFTING  HEAVY  PERSONS. 

One  of  the  most  extraordinary  pages  in  Sir  David  Brewster's 
Letters  on  Natural  Magic  is  the  experiment  in  which  a  heavy 
man  is  raised  with  the  greatest  facility  when  he  is  lifted  up  the 
instant  that  his  own  lungs,  and  those  of  the  persons  who  raise 
him,  are  inflated  with  air.  Thus  the  heaviest  person  in  the 
party  lies  down  upon  two  chairs,  his  legs  being  supported  by 
the  one  and  his  back  by  the  other.  Four  persons,  one  at  each 
leg,  and  one  at  each  shoulder,  then  try  to  raise  him — the  per- 
son to  be  raised  giving  two  signals,  by  clapping  his  hands.  At 
the  first  signal,  he  himself  and  the  four  lifters  begin  to  draw  a' 
long  and  full  breath;  and  when  the  inhalation  is  completed,  or 
the  lungs  filled,  the  second  signal  is  given  for  raising  the  per- 
son from  the  chair.  To  his  own  surprise,  and  that  of  his  bearers, 
he  rises  with  the  greatest  facility,  as  if  he  were  no  heavier  than 
a  feather.  Sir  David  Brewster  states  that  he  has  seen  this 
inexplicable  experiment  performed  more  than  once ;  and  he 
appealed  for  testimony  to  Sir  Walter  Scott,  who  had  repeatedly 
seen  the  experiment,  and  performed  the  part  both  of  the  load 
and  of  the  bearer.  It  was  first  shown  in  England  by  Major  H 
who  saw  it  performed  in  a  large  party  at  Venice,  under  the  di- 
rection of  an  officer  of  the  American  navy.* 

Su-  David  Brewster  (in  a  letter  to  Notes  and  Queries,  No.  143) 
further  remarks,  that  "  the  inhalation  of  the  lifters  the  moment 
the  effort  is  made  is  doubtless  essential,  and  for  this  reason  : 
when  we  make  a  great  efi^ort,  either  in  pulling  or  lifting,  we 
always  fiU  the  chest  with  air  previous  to  the  effort ;  and  when 

31st  oTjuly'YS'  '°      ^'•f-  the  date 
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the  inhalation  is  completed,  we  close  the  rima  glottidis  to  keep 
the  air  in  the  lungs.  The  chest  being  thus  kept  expanded,  the 
pulling  or  lifting  muscles  have  received  as  it  were  a  fulcrum 
round  which  their  power  is  exerted ;  and  we  can  thus  lift  the 
greatest  weight  which  the  muscles  are  capable  of  doing.  When 
the  chest  collapses  by  the  escape  of  the  air,  the  lifters  lose  their 
muscular  power;  reinhalation  of  air  by  the  liftee  can  certainly 
add  nothing  to  the  power  of  the  lifters,  or  diminish  his  own 
weight,  which  is  only  increased  by  the  weight  of  the  air  which 
he  inhales." 

"  FOKCE  CAN  NEITHEE  BE  CEEATED  NOE  DESTEOYED." 

Professor  Faraday,  in  his  able'inquiiy  upon  "  the  Conserva- 
tion of  Force,"  maintains  that  to  admit  that  force  may  be  de- 
structible, or  can  altogether  disappear,  would  be  to  admit  that 
matter  could  be  uncreated ;  for  we  know  matter  only  by  its 
forces.   From  his  many  illustrations  we  select  the  following : 

The  indestructibility  of  individual  matter  is  a  most  important  case  of 
the  Conservation  of  Chemical  Force.  A  molecule  has  been  endowed  with 
powers  which  give  rise  in  it  to  various  quahties ;  and  those  never  change, 
either  in  their  natm-e  or  amount.  A  particle  of  oxygen  is  ever  a  particle 
of  oxygen ;  nothing  can  in  the  least  wear  it.  If  it  enters  into  combina- 
tion, and  disappears  as  oxygen ;  if  it  pass  through  a  thousand  combina- 
tions— animal,  vegetable,  mineral ;  if  it  lie  hid  for  a  thousand  years,  and 
then  be  evolved, — it  is  oxygen  with  the  first  quaUties,  neither  more  nor 
less.  It  has  all  its  original  force,  and  only  that ;  the  amoimt  of  force 
which  it  disengaged  when  hiding  itself,  has  again  to  be  employed  in  a 
reverse  direction  when  it  is  set  at  Uberty  :  and  if,  hereafter,  we  should 
decompose  oxygen,  and  find  it  compounded  of  other  particles,  we  should 
only  increase  the  strength  of  the  proof  of  the  conservation  of  force ;  for 
we  should  have  a  right  to  say  of  these  particles,  long  as  they  have  been 
hidden,  all  that  we  could  say  of  the  oxygen  itself. 

In  conclusion,  he  adds : 
Let  us  not  admit  the  destniction  or  creation  of  force  without  clear 
and  constant  proof.  Just  as  the  chemist  owes  all  the  perfection  of  his 
science  to  his  dependence  on  the  certainty  of  gravitation  applied  by  the 
balance,  so  may  the  physical  philosopher  expect  to  find  the  greatest 
security  and  the  utmost  aid  in  the  principle  of  the  conservation  of  force. 
All  that  we  have  that  is  good  and  safe— as  the  steam-engine,  the  electric 
telegraph,  &c.— witness  to  that  prmciple ;  it  would  require  a  perpetual 
motion,  a  fire  without  heat,  heat  without  a  source,  action  without  re- 
action, cause  without  effect,  or  effect  without  cause,  to  displace  it  from 
its  rank  as  a  law  of  nature. 

NOTHING  LOST  IN  THE  MATEEIAL  WOELD. 

"  It  is  remarkable,"  says  Kobell  in  his  Mineral  Kingdom, 
"  how  a  change  of  place,  a  circulation  as  it  were,  is  appointed 
for  the  inanimate  or  naturally  immovable  things  upon  the  earth ; 
and  how  new  conditions,  new  creations,  are  continually  deve- 
loping themselves  in  this  way.    I  will  not  enter  here  into  tne 


Curiosities  of  Science. 


19 


evaporation  of  water,  for  instance  from  the  widely-spreading 
ocean ;  how  the  clouds  produced  by  this  pass  over  into  foreign 
lands  and  then  fall  again  to  the  earth  as  rain,  and  how  this 
wandering  water  is,  partly  at  least,  carried  along  new  journeys, 
returning  after  various  voyages  to  its  original  home :  the  mere 
mechanical  phenomena,  such  as  the  transfer  of  seeds  by  the 
winds  or  by  birds,  or  the  decomposition  of  the  surface  of  the 
earth  by  the  friction  of  the  elements,  suffice  to  illustrate  this." 

TIME  AN  ELEMENT  OF  FOECE. 

Professor  Faraday  observes  that  Time  is  growing  up  daily 
into  importance  as  an  element  in  the  exercise  of  Force,  which 
he  thus  strikingly  illustrates : 

The  earth  moves  in  its  orbit  of  time ;  the  crust  of  the  earth  moves  in 
time  ;  bght  moves  m  time ;  an  electro-magnet  requires  time  for  its  charge 
by  an  electnc  current :  to  inquire,  therefore,  whether  power,  acting  either 
at  sensible  or  insensible  distances,  always  acts  in  time,  is  not  to  be  me- 
taphysical; if  It  acts  m  time  and  across  space,  it  must  act  by  physical 
hues  of  force;  and  our  view  of  the  natiu-e  of  force  may  be  affected  to 
the  extremest  degree  by  the  conclusions  which  experiment  and  obser- 
vation on  time  may  supply,  being  perhaps  finaUy  determinable  only  by 
them,  lo  mqmre  after  the  possible  time  m  which  gravitating,  magnetic, 
or  electric  force  is  exerted,  is  no  more  metaphysical  than  to  mark  the 
tunes  of  the  hands  of  a  cIock  in  theii-  progress ;  or  that  of  the  temple  of 
Serapis  and  its  ascents  and  descents ;  or  the  periods  of  the  occultation 
of  Jupiter  s  satellites;  or  that  in  which  the  light  comes  from  them  to 
the  earth.   Again,  in  some  of  the  known  cases  of  the  action  of  time 
something  happens  while  the  time  is  passing  which  did  not  happen  be- 
fore, and  does  not  contmue  after;  it  is  therefore  not  metaphv^ical  to 
expect  an  effect  in  every  case,  or  to  endeavour  to  discover  its  existence 
and  detei-mine  its  nature. 


CALCULATION  OF  HEIGHTS  AND  DISTANCES. 

By  the  assistance  of  a  seconds  watch  the  following  inter- 
esting calculations  may  be  made : 

If  a  traveUer,  when  on  a  precipice  or  on  the  top  of  a  building  wish 
to  ascertain  the  height,  he  should  drop  a  stone,  or  any  other  sJbst^ce 
sufficiently  heavy  not     be  impeded  by  the  resistance  of  traTmosp^^^^^^ 

i/.?  '^^/^^  ^  seconds  watch,  will  give  the  height.  Foi-  the  stone 
vvill  fall  through  the  space  of  16J  feet  d^ng  the  fifst  secoSd  and  S 
ncrease  in  rapidity  as  the  square  of  the  time  employed Tn  tt  fdt  ^ 

^:nS'Mhi'rf''f'^  r^^^^^-      ^eeolds  the  stonihS 

S^iethe  h^X  T^tipUed  bythe  same  number  of  seconds 

St^  ?  the  height.   Suppose  the  stone  takes  five  seconds  to  reach  the 

16ix5=80ix5=403i,  height  of  the  precipice. 
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I  dropped  my  slipper  until  I  heard  the  sound  as  it  fell  in  the  street, 
which,  according  to  the  calculations  made  of  the  time  taken  by  bodies 
in  their  accelerated  fall,  and  of  that  employed  by  the  sonorous  undula- 
tions of  the  air  to  an-ive  from  the  street  to  my  ear,  gave  the  height  of 
my  apartment  as  94  feet  3  inches  1  tenth  (French  measure),  supposing 
that  my  heart,  agitated  as  it  was,  beat  120  times  in  a  minute." 

A  person  travelling  may  ascertain  his  rate  of  walking  by  the  aid  of  a 
slight  string  with  a  piece  of  lead  at  one  end,  and  the  use  of  a  seconds 
watch  ;  the  string  being  knotted  at  distances  of  44  feet,  the  120th  part 
of  an  English  mile,  and  bearing  the  same  proportion  to  a  mile  that  half 
a  minute  bears  to  an  hour.  If  the  traveller,  when  going  at  his  usual 
rate,  drops  the  lead,  and  suffers  the  string  to  slip  through  his  hand,  the 
number  of  knots  which  pass  in  half  a  minute  indicate  the  number  of 
miles  he  walks  in  an  hour.  This  contrivance  is  similar  to  a  log-line  for 
ascertaining  a  ship's  rate  at  sea :  the  lead  is  enclosed  in  wood  (whence 
the  name  log),  that  it  may  float,  and  the  divisions,  which  are  called 
knots,  are  measured  for  nautical  miles.  Thus,  if  ten  knots  are  passed  in 
half  a  minute,  they  show  that  the  vessel  is  sailing  at  the  rate  often  knots, 
or  miles,  an  hour :  a  seconds  watch  would  here  be  of  great  service,  but 
the  half-minute  sand-glass  is  in  general  use. 

The  rapidity  of  a  river  may  be  ascertained  by  throwing-in  a  light 
floating  substance,  which,  if  not  agitated  by  the  wind,  will  move  with 
the  same  celerity  as  the  water :  the  distance  it  floats  in  a  certain  number 
of  seconds  will  give  the  rapidity  of  the  stream  ;  and  this  indicates  the 
height  of  its  source,  the  nature  of  its  bottom,  &c. — See  Sir  Howard 
Douglas  on  Bridges.    Tkor,ison's  Time  and  Time-keepers. 

SAND  IN  THE  HOUE-GLASS. 

It  is  a  noteworthy  fact,  that  the  flow  of  Sand  in  the  Hour- 
glass is  perfectly  equable,  whatever  may  be  the  quantity  in  the 
glass ;  that  is,  the  sand  runs  no  faster  when  the  upper  half  of 
the  glass  is  quite  full  than  when  it  is  nearly  empty.  It  would, 
however,  be  natural  enough  to  conclude,  that  when  fuU  of  sand 
it  would  be  more  swiftly  urged  through  the  aperture  than  when 
the  glass  was  only  a  quarter  full,  and  near  the  close  of  the  hour. 

The  fact  of  the  even  flow  of  sand  may  be  proved  by  a  very 
simple  experiment.  Provide  some  silver  sand,  dry  it  over  or 
before  the  fire,  and  pass  it  through  a  tolerably  fine  sieve.  Then 
take  a  tube,  of  any  length  or  diameter,  closed  at  one  end,  m 
which  make  a  small  hole,  say  the  eighth  of  an  inch ;  stop  this 
with  a  peg,  and  fill  up  the  tube  with  the  sifted  sand.  Hold  the 
tube  steadily,  or  fix  it  to  a  wall  or  frame  at  any  height  from  a 
table ;  remove  the  peg,  and  permit  the  sand  to  flow  m  any  mea- 
sure for  any  given  time,  and  note  the  quantity.  Then  let  the 
tube  be  emptied,  and  only  half  or  a  quarter  filled  with  sand ; 
measure  again  for  a  like  time,  and  the  same  quantity  of  sand 
will  flow :  even  if  you  press  the  sand  in  the  tube  with  a  ruler 
or  stick,  the  flow  of  the  sand  through  the  hole  will  not  be  in- 

The' above  is  explained  by  the  fact,  that  when  the  sand  is 
poured  into  the  tube,  it  fiUs  it  with  a  succession  of  corneal 
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heaps;  and  that  all  the  weight  which  the  bottom  of  the  tube 
sustains  is  only  that  of  the  heap  which  Jirst  falls  upon  it,  as 
the  succeeding  heaps  do  not  press  downward,  but  only  against 
the  sides  or  walls  of  the  tube. 

FIGUEE  OF  THE  EARTH. 

By  means  of  a  purely  astronomical  determination,  based 
upon  the  action  which  the  earth  exerts  on  the  motion  of  the 
moon,  or,  in  other  words,  on  the  inequalities  in  lunar  longi- 
tudes and  latitudes,  Laplace  has  shown  in  one  single  result  the 
mean  Figure  of  the  Earth. 

It  is  very  remarkable  that  an  astronomer,  without  leaving  his  obser- 
vatory, may,  merely  by  comparing  his  observations  with  mean  analytical 
results,  not  only  be  enabled  to  determine  with  exactness  the  size  and 
degree  of  ellipticity  of  the  earth,  but  also  its  distance  from  the  sun  and 
moon  ;  results  that  otherwise  could  only  be  arrived  at  by  long  and  ar- 
duous expeditions  to  the  most  remote  parts  of  both  hemispheres.  The 
moon  may  therefore,  by  the  observation  of  its  movements,  render  ap- 
preciable to  the  higher  departments  of  astronomy  the  ellipticity  of  the 
earth,  as  it  taught  the  early  astronomers  the  rotundity  of  our  earth  by 
means  of  its  eclipses. — Laplace's  Expos,  dv,  Si/st.  du  Monde. 

HOW  TO  ASCERTAIN  THE  EARTH's  MAGNITUDE. 

Sir  J ohn  Herschel  gives  the  following  means  of  approxima- 
tion. It  appears  by  observation  that  two  points,  each  ten  feet 
above  the  surface,  cease  to  be  visible  from  each  other  over  still 
water,  and,  in  average  atmospheric  circumstances,  at  a  distance 
of  about  eight  miles.  But  10  feet  is  the  528th  part  of  a  mile ; 
so  that  half  their  distance,  or  four  miles,  is  to  the  height  of 
each  as  4  k  528,  or  2112:1,  and  therefore  in  the  same  propor- 
tion to  four  miles  is  the  length  of  the  earth's  diameter.  It 
must,  therefore,  be  equal  to  4x2112=8448,  or  in  round  num- 
bers, about  8000  miles,  which  is  not  very  far  from  the  truth. 

The  excess  is,  however,  about  100  miles,  or  sVth  part.  As  convenient 
numbers  to  remember,  the  reader  may  bear  in  mind,  that  in  our  latitude 
there  are  just  as  many  thousands  of  feet  in  a  degree  of  the  meridian  as 
there  are  days  in  the  year  (365);  that,  speaking  loosely,  a  degree  is 
about  seventy  British  statute  miles,  and  a  second  about  100  feet  •  that 
the  equatorial  circumference  of  the  earth  is  a  little  less  than  25  000 
miles  (24,899),  and  the  ellipticity  or  polar  flattening  amounts  to  J^th 
part  of  the  ^&meter.— Outlines  of  Astronomy. 

MASS  AND  DENSITY  OF  THE  EARTH. 

With  regard  to  the  determination  of  the  Mass  and  Density 
of  the  Earth  by  direct  experiment,  we  have,  in  addition  to  the 
deviations  of  the  pendulum  produced  by  mountain  masses,  the 
vanation  of  the  same  instruments  when  placed  in  a  mine  1200 
feet  in  depth.   The  most  recent  experiments  were  conducted 
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by  Professor  Airy,  in  the  Harton  coal-pit,  near  South  Shields  :* 
the  oscillations  of  the  pendulum  at  the  bottom  of  the  pit  were 
compared  with  those  of  a  clock  above  ;  the  beats  of  the  clock 
were  transferred  below  for  comparison  by  an  electric  wire  ;  and 
it  was  thus  determined  that  a  pendulum  vibrating  seconds  at  the 
mouth  of  the  pit  would  gain  2^  seconds  per  day  at  its  bottom. 
The  final  result  of  the  calculations  depending  on  this  experiment, 
which  were  published  in  the  Philosophical  Transactions  of  1856, 
gives  6  "565  for  the  mean  density  of  the  earth.  The  celebrated 
Cavendish  experiment,  by  means  of  which  the  density  of  the 
earth  was  determined  by  observing  the  attraction  of  leaden 
balls  on  each  other,  has  been  repeated  in  a  manner  exhibiting 
an  astonishing  amount  of  skill  and  patience  by  the  late  Mr.  F. 
Baily.t  The  result  of  these  experiments,  combined  with  those 
previously  made,  gives  as  a  mean  result  6  "441  as  the  earth's 
density,  when  compared  with  water ;  thus  confirming  one  of 
Newton's  astonishing  divinations,  that  the  mean  density  of  the 
earth  would  be  found  to  be  between  five  and  six  times  that  of 
water. 

Humboldt  is,  however,  of  opinion  that  "  we  know  only  the  mass  of 
the  whole  earth  and  its  mean  density  by  comparing  it  with  the  open 
strata,  which  alone  are  accessible  to  us.  In  the  interior  of  the  earth, 
where  all  knowledge  of  its  chemical  and  mineralogical  character  fails, 
we  are  limited  to  as  pure  conjecture  as  in  the  remotest  bodies  that 
revolve  round  the  sun.  "We  can  determine  nothing  with  certainty  re- 
garding the  depth  at  which  the  geological  strata  must  be  supposed  to 
be  in  a  state  of  softening  or  of  Uquid  fusion,  of  the  condition  of  fluids 
when  heated  under  an  enormous  pressure,  or  of  the  law  of  the  increase 
of  density  from  the  upper  surface  to  the  centre  of  the  earth." — Cosmos, 
vol.  i. 

In  M.  Foucault's  beautiful  experiment,  by  means  of  the 
vibration  of  a  long  pendulum,  consisting  of  a  heavy  mass  of 
metal  suspended  by  a  long  wire  from  a  strong  fixed  support,  is 
demonstrated  to  the  eye  the  rotation  of  the  earth.  The  Gyro- 
scope of  the  same  philosopher  is  regarded  not  as  a  mere  philo- 
sophical toy ;  but  the  principles  of  dynamics,  by  means  of 
which  it  is  made  to  demonstrate  the  earth's  rotation  on  its  own 
axis,  are  explained  with  the  greatest  clearness.  Thus  the  inge- 
nuity of  M.  Foucault,  combined  with  a  profound  knowledge  of 
mechanics,  has  obtained  proofs  of  one  of  the  most  interesting 
problems  of  astronomy  from  an  unsuspected  source. 


THE  EAUTH  AND  MAN  COMPARED. 

The  Earth — speaking  roundly— is  8000  miles  in  diameter ; 

»  The  result  of  these  experiments  for  ascertaining  the  variation  of  the  gra- 
vity at  great  depths,  has  proved  beyond  doubt  that  the  attraction  of  gravitation 
Is  increased  at  the  depth  of  1250  feet  by  T-isWij  part.  _ 

t  See  the  account  of  Mr.  Baily'»  researches  (with  two  illustrations)  in  J^tngs 
not  generally  Known,  p.  vii.,  and  "  Weight  of  the  Earth,"  p.  16. 
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the  atmosphere  is  calculated  to  be  fifty  mUes  in  altitude ;  the 
loftiest  mountain  peak  is  estimated  at  five  miles  above  the  level 
of  the  sea,  for  this  height  has  never  been  visited  by  man :  the 
deepest  mine  that  he  has  formed  is  1650  feet;  and  his  own 
stature  does  not  average  six  feet.  Therefore,  if  it  were  possible 
tor  film  to  construct  a  globe  800  feet— or  twice  the  height  of 
fet.  Paul  s  Cathedral— in  diameter,  and  to  place  upon  any  one 
point  of  its  surface  an  atom  of  ^th  of  an  inch  in  diameter, 
and  y^th  of  an  inch  in  height,  it  would  correctly  denote  the 
proportion  that  man  bears  to  the  earth  upon  which  he  moves. 

WHen  by  measurements,  in  which  the  evidence  of  the  method  ad- 
,?r«H°L^Tf  precision  of  the  results,  the  volume  of  the  earth 

hii^f  T  *°  ^^^."Hl'^onth  part  of  the  volume  of  the  sun  ;  when  the  sun 
h  mself,  transported  to  the  region  of  the  stars,  takes  up  a  very  modest 
place  among  the  thousands  of  milhons  of  those  bodies  that  the  tekscope 
eartrfromlhi" r  38,000,000  of  leagues  which  separate 

+  have  become,  by  reason  of  their  comparative  small- 
ness  abase  totally  msufficient  for  ascertaining  the  dimensions  of  the 
S  '.<,"™'  '  .^A'^  °f  tli^  lumrn~ys  (77,000 

Ki  to  dS«^L^^^^  certain  stars  have  re- 

v««r=  "^'^^^f «  %bt  could  not  traverse  in  less  than  a  milUon  of 
mln  p'nT/  ^"^;^"^ted  by  such  immensities.   In  assiSnS  to 

Srial  wnrlV^'.P^^'^''  «°          ^  position  in^he  ma- 

humile^SSiiJa^r^^  '''"^  '^'"^  *°  ^^^^  '"^^^  ^^'^  to 

MEAN  TEMPEEATUEE  OF  THE  EAETH'S  SUEFACE. 

mean'of  thi  J^^"^'       '^^^^  reasons  the 

rcWher  f wT"^*^"  P^"'*'  diametricaUy  opposite  to 
Si  in  Tnl  ^  -5'  *««»Pfra^^re  of  the  whole  earth's  sur- 
(ult  <ierably  exceeds  that  in  December.    This  re- 

sun'in  D.1'V*  ^-^'T'^  ""'^^       g^^^ter  proximity  of  the 

ve?v  nJ^eZ  ^Tr'"'  ^'^^  *^  ^  different  and 

very  powerful  cause,— the  greater  amount  of  land  in  that 
hemisphere  which  has  its  summer  solstice  in  June  f  "  /thJ 
northern);  and  the  fact  is  so  explained  by  him  The  effect  of 
land  under  sunshine  is  to  throw  heat  into  t£  general  attn 

rI!nJ,  \^  i^  ^^^^'^     ^'^ch  less  effective  in  this 

80  bed'  i'.^wf^'^^^^g  being  thSe  ab- 

fp^nf 'f  ^'^'^^'^^  ^e^er  acquires  a  veiT  elevated 

ZS'""'^         "^^'^       equatorV^.>  JokJmZtvs 

TEMPEEATUEE  OF  THE  EAETH  STATIONAEY. 

flow^n^Tlv  2^'^^^         ^iles  Of  water 

and  thpTpZ    .       ^^"^  ^''^  ^^^^^'^  of     earth  to  another 
and  the  temperature  is  augmented  by  the  ebb  and  flow  of  every 
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tide,  all  that  we  know  with  certainty  is,  that  the  resultant 
effect  of  all  the  thermal  agencies  to  which  the  earth  is  exposed 
has  undergone  no  perceptible  change  within  the  historic  period. 
We  owe  this  fine  deduction  to  Arago.  In  order  that  the  date 
palm  should  ripen  its  fruit,  the  mean  temperature  of  the  place 
must  exceed  70deg.  Fahr. ;  and,  on  the  other  hand,  the  vine 
cannot  be  cultivated  successfully  when  the  temperature  is 
72deg.  or  upwards.  Hence  the  mean  temperature  of  any 
place  at  which  these  two  plants  flourished  and  bore  fruit  must 
lie  between  these  narrow  limits,  i.  e.  could  not  differ  from 
Vldeg.  Fahr.  by  more  than  a  single  degree.  Now  from  the 
Bible  we  learn  that  both  plants  were  simultaneously/  cultivated 
in  the  central  valleys  of  Palestine  in  the  time  of  Moses  ;  and 
its  then  temperature  is  thus  definitively  determined.  It  is  the 
same  at  the  present  time ;  so  that  the  mean  temperature  of 
this  portion  of  the  globe  has  not  sensibly  altered  in  the  course 
of  thirty-three  centuries. 

THEORY  OF  CRYSTALLISATION. 

Professor  PHicker  has  ascertained  that  certain  crystals,  in 
particular  the  cyanite,  "  point  very  well  to  the  north  by  the 
magnetic  power  of  the  earth  only.  It  is  a  true  compass-needle  ; 
and  more  than  that,  you  may  obtain  its  declination."  Upon 
this  Mr.  Hunt  remarks :  "  We  must  remember  that  this  crystal, 
the  cyanite,  is  a  compound  of  silica  and  alumina  only.  This 
is  the  amount  of  experimental  evidence  which  science  has 
afforded  in  explanation  of  the  conditions  under  which  nature 
pursues  her  wondrous  work  of  crystal  formation.  We  see  just 
sufficient  of  the  operation  to  be  convinced  that  the  luminous 
star  which  shines  in  the  brightness  of  heaven,  and  the  cavern- 
secreted  gem,  are  equally  the  result  of  forces  which  are  known 
to  us  in  only  a  few  of  their  modifications." — Poetry  of  Science. 

Gay  Lussac  first  made  the  remark,  that  a  crystal  of  potash- 
alum,  transferred  to  a  solution  of  ammonia-alum,  continued  to 
increase  without  its  form  being  modified,  and  might  thus  be 
covered  with  alternate  layers  of  the  two  alums,  preserving  its 
regularity  and  proper  crystalline  figure.  M.  Beudant  after- 
wards observed  that  other  bodies,  such  as  the  sulphates  of  iron 
and  copper,  might  present  themselves  in  crystals  of  the  same 
form  and  angles,  although  the  form  was  not  a  simple  one,  like 
that  of  alum.  But  M.  Mitscherlich  first  recognised  this  cor- 
respondence in  a  sufficient  number  of  cases  to  prove  that  it  was 
a  general  consequence  of  similarity  of  composition  in  different 
bodies. — Graham's  Elements  of  Chemistry. 

IMMENSE  CRYSTALS. 

Crystals  are  found  in  the  most  microscopic  character,  and 
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of  an  exceedingly  large  size.  A  crystal  of  quartz  at  Milan  is 
three  feet  and  a  quarter  long,  and  five  feet  and  a  half  in  cir- 
cumference :  its  weight  is  870  pounds.  Beryls  have  been  found 
in  New  Hampshire  measuring  four  feet  in  length. — Dana. 

VISIBLE  CEYSTALLISATION. 

Professor  Tyndall,  in  a  lecture  delivered  by  him  at  the  Royal 
Institution,  London,  on  the  properties  of  Ice,  gave  the  following 
interesting  illustration  of  crystalline  force.  By  perfectly  clean- 
ing a  piece  of  glass,  and  placing  on  it  a  film  of  a  solution  of  chlor- 
ide of  ammonium  or  sal  ammoniac,  the  action  of  crystallisation 
was  shown  to  the  whole  audience.  The  glass  slide  was  placed 
in  a  microscope,  and  the  electric  light  passing  through  it  was 
concentrated  on  a  white  disc.  The  image  of  the  crystals,  as 
they  §tarted  into  existence,  and  shot  across  the  disc  in  exqui- 
site arborescent  and  symmetrical  forms,  excited  the  admira- 
tion of  every  one.  The  lecturer  explained  that  the  heat,  causing 
the  film  of  moisture  to  evaporate,  brought  the  particles  of  salt 
sufficiently  near  to  exercise  the  crystalline  force,  the  result 
being  the  beautiful  structure  built  up  with  such  marvellous 
rapidity. 

UNION  OF  MINERALOGY  AND  GEOMETEY. 

It  is  a  peculiar  characteristic  of  minerals,  that  while  plants 
and  animals  differ  in  various  regions  of  the  earth,  mineral  matter 
of  the  same  character  may  be  discovered  in  any  part  of  the  world, 
—at  the  Equator  or  towards  the  Poles ;  at  the  summit  of  the 
loftiest  mountains,  and  in  works  far  beneath  the  level  of  the 
sea.  The  granite  of  Australia  does  not  necessarily  diJBFer  from 
that  of  the  British  islands;  and  ores  of  the  same  metals  (the 
proper  geological  conditions  prevailing)  may  be  found  of  the 
same  general  character  in  ail  regions.  Climate  and  geographi- 
cal position  have  no  influence  on  the  composition  of  mineral 
substances. 

This  uniformity  may,  in  some  measure,  have  induced  philo- 
sophers to  seek  its  extension  to  the  forms  of  crystallography 
About  1760  (says  Mr.  Buckle,  in  his  History  of  Civilization), 
Rome  de  Lisle  set  the  first  example  of  studying  crystals,  ac- 
cording to  a  scheme  so  large  as  to  include  all  the  varieties  of 
their  primary  forms,  and  to  account  for  their  uregularities  and 
the  apparent  caprice  with  which  they  were  arranged.  In  thia 
investigation  he  was  guided  by  the  fundamental  assumption, 
that  what  is  called  an  irregularity  is  in  truth  perfectly  regular 
and  that  the  operations  of  nature  are  invariable.  Hauy  ap- 
plied this  great  idea  to  the  almost  innumerable  forms  in  which 
minerals  ciystallise.  He  thus  achieved  a  complete  union  be- 
tween mineralogy  and  geometry ;  and,  bringing  thelawsof  gpac© 
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to  bear  on  the  molecular  arrangements  of  matter,  he  was  able 
to  penetrate  into  the  intimate  structure  of  crystals.  By  this 
means  he  proved  that  the  secondary  forms  of  all  crystals  are  de- 
rived from  their  primary  forms  by  a  regular  process  of  decrement ; 
and  that  when  a  substance  is  passing  from  a  liquid  to  a  solid 
state,  its  particles  cohere,  according  to  a  scheme  which  provides 
for  every  possible  change,  since  it  includes  even  those  subse- 
quent layers  which  alter  the  ordinary  type  of  the  crystal,  by 
disturbing  its  natural  symmetry.  To  ascertain  that  such  viola- 
tions of  symmetry  are  susceptible  of  mathematical  calculation, 
was  to  make  a  vast  addition  to  our  knowledge ;  and,  by  proving 
that  even  the  most  uncouth  and  singular  forms  are  the  natural 
results  of  their  antecedents,  Haiiy  laid  the  foundation  of  what 
may  be  called  the  pathology  of  the  inorganic  world.  However 
paradoxical  such  a  notion  may  appear,  it  is  certain  that  sym- 
metry is  to  crystals  what  health  is  to  animals ;  so  that  an  irre- 
gularity of  shape  in  the  first  corresponds  with  an  appearance  of 
disease  in  the  second. — See  Hist.  Civilizationy  vol.i. 

REPRODUCTIVE  CRYSTALLISATION. 

The  general  belief  that  only  organic  beings  have  the  power 
of  reproducing  lost  parts  has  been  disproved  by  the  experiments 
of  Jordan  on  crystals.  An  octohedral  crystal  of  alum  was  frac- 
tured ;  it  was  then  replaced  in  a  solution,  and  after  a  few  days 
its  injury  was  seen  to  be  repaired.  The  whole  crystal  had  of 
course  increased  in  size ;  but  the  increase  on  the  broken  surface 
had  been  so  much  greater  that  a  perfect  octohedral  form  was 
regained. — G.  H.  Lewes. 

This  remarkable  power  possessed  by  crystals,  in  common 
vnth  animals,  of  repairing  their  own  injuries  had,  however, 
been  thus  previously  referred  to  by  Paget,  in  his  Pathology^ 
confirming  the  experiments  of  Jordan  on  this  curious  subject : 
"  The  ability  to  repair  the  damages  sustained  by  injury  .  .  . 
is  not  an  exclusive  property  of  living  beings ;  for  even  crystals 
will  repair  themselves  when,  after  pieces  have  been  broken  from 
them,  they  are  placed  in  the  same  conditions  in  which  they 
were  first  formed." 

GLASS  BROKEN  BY  SAND. 

In  some  glass-houses  the  workmen  show  glass  which  has 
been  cooled  in  the  open  air;  on  this  they  let  fall  leaden  bul- 
lets without  breaking  the  glass.  They  afterwards  desire  you 
to  let  a  few  grains  of  sand  fall  upon  the  glass,  by  which  it  is 
broken  into  a  thousand  pieces.  The  reason  of  this  is,  that  the 
lead  does  not  scratch  the  surface  of  the  glass ;  whereas  the  sand, 
being  sharp  and  angular,  scratches  it  sufliciently  to  produce 
the  above  effect, 
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SOUNDING.  SAND. 

Mr.  Httqh  Miller,  the  geologist,  when  in  the  island  of  Eigg, 
in  the  Hebrides,  observed  that  a  musical  sound  was  produced 
when  he  walked  over  the  white  dry  sand  of  the  beach.  At  each 
step  the  sand  was  driven  from  his  footprint,  and  the  noise  was 
simultaneous  with  the  scattering  of  the  sand  ;  the  cause  being 
either  the  accumulated  vibrations  of  the  air  when  struck  by 
the  driven  sand,  or  the  accumulated  sounds  occasioned  by  the 
mutual  impact  of  the  particles  of  sand  against  each  other.  If 
a  musket-ball  passing  through  the  air  emits  a  whistling  note, 
each  individual  particle  of  sand  must  do  the  same,  however 
faint  be  the  note  which  it  yields;  and  the  accumulation  of 
these  infinitesimal  vibrations  must  constitute  an  audible  sound 
varying  with  the  number  and  velocity  of  the  moving  particles' 
In  like  manner,  if  two  plates  of  silex  or  quartz,  which  are  but 
crystals  of  sand,  give  out  a  musical  sound  when  mutually 
struck,  the  impact  or  colUsion  of  two  minute  crystals  or  par- 
ticles of  sand  must  do  the  same,  in  however  inferior  a  degree  • 
and  the  union  of  all  these  sounds,  though  singly  imperceptible! 
may  ^constitute  the  musical  notes  of  "the  Mountain  of  the 
V,  1  etraea,  or  the  lesser  sounds  of  the  trodden 

sea-beach  of  Bigg.^Mrih-Britisk  Review,  No.  5. 

INTENSITY  OF  SOUND  IN  EjLREFIED  AIR. 

o""''^  ascents  of  the  highest  mountains 
S  M^f  soSnds  on  the  top 

of  Mont  Blanc  as  remarkably  weak  :  a  pistol-shot  made  nS 

S  a  bSnf "'^'^"'^  popping 
ot  a  bottle  of  champagne  was  scarcely  audible.    Yet  Martius 

m  the  same  situation,  was  able  to  distinguish  the  voices  of  the 
giides  at  a  distance  of  1340  feet,  and  to  hear  the  tappLg  of  a 
100  fS  ^  ^  of  f?om^75  to 

MM.  Wertheim  and  Breguet  have  propagated  sound  over 
eecoS'  the  rateff  Il,454?eet  ^er 

DISTAIfCE  AT  WHICH  THE  HUMAN  VOICE  MAY  BE  HEAED. 

^  Experience  shows  that  the  human  voice  under  favoiir;,!.]^ 
circumstances,  is  capable  of  filling  a  larg^rlpace  tha^^^^^^^ 
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probably  enclosed  within  the  walls  of  a  single  room.  Lieutenant 
Foster,  on  Parry's  third  Arctic  expedition,  found  that  he  could 
converse  with  a  man  across  the  harbour  of  Port  Bowen,  a  dis- 
tance of  6696  feet,  or  about  one  mile  and  a  quarter.  Dr.  Young 
records  that  at  Gibraltar  the  human  voice  has  been  heard  at  a 
distance  of  ten  miles.  If  sound  be  prevented  from  spreading 
and  losing  itself  in  the  air,  either  by  a  pipe  or  an  extensive  flat 
surface,  as  a  wall  or  still  water,  it  may  be  conveyed  to  a  great 
distance.  Biot  heard  a  flute  clearly  through  a  tube  of  cast-iron 
(the  water-pipes  of  Paris)  3120  feet  long :  the  lowest  whisper  was 
distinctly  heard ;  indeed,  the  only  way  not  to  be  heard  was  not 
to  speak  at  all. 

THE  ROAR  OF  NIAGARA. 

The  very  nature  of  the  sound  of  running  water  pronounces 
its  origin  to  be  the  bursting  of  bubbles  :  the  impact  of  water 
against  water  is  a  comparatively  subordinate  cause,  and  could 
never  of  itself  occasion  the  murmur  of  a  brook ;  whereas,  in 
streams  which  Dr.  Tyndall  has  examined,  he,  in  all  cases  where 
a  ripple  was  heard,  discovered  bubbles  caused  by  the  broken 
column  of  water.  Now,  were  Niagara  continuous,  and  without 
lateral  vibration,  it  would  be  as  silent  as  a  cataract  of  ice.  In 
all  probability,  it  has  its  "contracted  sections,"  after  passing 
which  it  is  broken  into  detached  masses,  which,  plunging  suc- 
cessively upon  the  air-bladders  formed  by  their  precursors,  sud- 
denly liberate  their  contents,  and  thus  create  the  thunder  of  tJue. 
waterfall. 

FIGURES  PRODUCED  BY  SOUND. 

Stretch  a  sheet  of  wet  paper  over  the  mouth  of  a  glass  tum- 
bler which  has  a  footstalk,  and  glue  or  paste  the  paper  at  the 
edges.  When  the  paper  is  dry,  strew  dry  sand  thinly  upon  its 
surface.  Place  the  tumbler  on  a  table,  and  hold  immediately 
above  it,  and  parallel  to  the  paper,  a  plate  of  glass,  which 
you  also  strew  with  sand,  having  previously  rubbed  the  edges 
smooth  with  emery  powder.  Draw  a  violin-bow  along  any 
part  of  the  edges ;  and  as  the  sand  upon  the  glass  is  made  to 
vibrate,  it  will  form  various  figures,  which  wUl  be  accurately 
imitated  by  the  sand  upon  the  paper ;  or  if  a  violin  or  flute  be 
played  within  a  few  inches  of  the  paper,  they  will  cause  the 
sand  upon  its  surface  to  form  regular  lines  and  figures. 

THE  TUNING-FORK  A  FLUTE-PLAYER. 
Take  a  common  tuning-fork,  and  on  one  of  its  branches 
fasten  with  sealing-wax  a  circular  piece  of  card  of  the  size  of 
a  small  wafer,  or  sufficient  nearly  to  cover  the  aperture  of  a 
pipe,  as  the  sliding  of  the  upper  end  of  a  flute  with  the  mouth 
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stopped  :  it  may  be  tuned  in  unison  with  the  loaded  tuning- 
fork  by  means  of  the  movable  stopper  or  card,  or  the  fork  may 
be  loaded  till  the  unison  is  perfect.  Then  set  the  fork  in  vi- 
bration by  a  blow  on  the  unloaded  branch,  and  hold  the  card 
closely  over  the  mouth  of  the  pipe,  as  in  the  engraving,  when 
a  note  of  surprising  clearness  and  strength  will  be  heard.  In- 
deed a  flute  may  be  made  to  "  speak"  perfectly  well,  by  holding 
close  to  the  opening  a  vibrating  tuning-fork,  while  the  fingering 
proper  to  the  note  of  the  fork  is  at  the  same  time  performed. 

THEORY  OF  THE  JEW'S  HARP. 

If  you  cause  the  tongue  of  this  little  instrument  to  vibrate, 
it  will  produce  a  very  low  sound ;  but  if  you  place  it  before  a 
cavity  (as  the  mouth)  containing  a  column  of  air,  which  vi- 
brates much  faster,  but  in  the  proportion  of  any  simple  mul- 
tiple, it  will  then  produce  other  higher  sounds,  dependent  upon 
the  reciprocation  of  that  portion  of  the  air.  Now  the  bulk  of 
air  in  the  mouth  can  be  altered  in  its  form,  size,  and  other  cir- 
cumstances, so  as  to  produce  by  reciprocation  many  different 
sounds ;  and  these  ai'e  the  sounds  belonging  to  the  Jew's  Harp. 

A  proof  of  this  fact  has  been  given  by  Mr.  Eulenstein,  who 
fitted  into  a  long  metallic  tube  a  piston,  which  being  moved, 
could  be  made  to  lengthen  or  shorten  the  efficient  column  of 
air  within  at  pleasure.  A  Jew's  Harp  was  then  so  fixed  that 
it  could  be  made  to  vibrate  before  the  mouth  of  the  tube,  and 
it  was  found  that  the  column  of  air  produced  a  series  of  sounds, 
according  as  it  was  lengthened  or  shortened ;  a  sound  being 
produced  whenever  the  length  of  the  column  was  such  that  its 
vibrations  were  a  multiple  of  those  of  the  Jew's  Harp. 

SOLAR  AND  ARTIFICIAL  LIGHT  COMPARED. 

The  most  intensely  ignited  solid  (produced  by  the  flame  of 
Lieutenant  Drummond's  oxy-hydrogen  lamp  directed  against  a 
surface  of  chalk)  appears  only  as  black  spots  on  the  disc  of  the 
sun,  when  held  between  it  and  the  eye ;  or  in  other  words 
Drummond's  light  is  to  the  light  of  the  sun's  disc  as  1  to  146*. 
Hence  we  are  doubly  struck  by  the  felicity  with  which  Galileo, 
as  early  as  1612,  by  a  series  of  conclusions  on  the  smaUness  of 
the  distance  from  the  sun  at  which  the  disc  of  Venus  was  no 
longer  visible  to  the  naked  eye,  arrived  at  the  result  that  the 
blackest  nucleus  of  the  sun's  spots  was  more  luminous  than 
the  brightest  portions  of  the  full  moon.  (See  "  The  Sun's 
Light  compared  with  Terrestrial  Lights,"  in  Thinas  not  generally 
Known,  pp.  4,  5.) 

SOURCE  OF  LIGHT. 

Mr.  Robert  Hunt,  in  a  lecture  delivered  by  him  at  the 
RusseU  Institution,    On  the  Physics  of  a  Sunbeam,"  mentions 
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some  experiments  by  Lord  Brougham  on  the  sunbeam,  in  which, 
by  placing  the  edge  of  a  sharp  knife  just  within  the  limit  of 
the  light,  the  ray  was  inflected  from  its  previous  direction,  and 
coloured  red;  and  when  another  knife  was  placed  on  the  op- 
posite side,  it  was  deflected,  and  the  colour  was  blue.  These 
experiments  (says  Mr.  Hunt)  seem  to  confirm  Sir  Isaac  New- 
ton's theory,  that  light  is  a  fluid  emitted  from  the  sun. 

THE  UNDULATOKY  SCALE  OF  lIgHT. 

The  white  light  of  the  sun  is  well  known  to  be  composed  of 
several  coloured  rays ;  or  rather,  according  to  the  theory  of 
undulations,  when  the  rate  at  which  a  ray  vibrates  is  altered, 
a  difi"erent  sensation  is  produced  upon  the  optic  nerve.  The 
analytical  examination  of  this  question  shows  that  to  produce 
a  red  colour  the  ray  of  light  must  give  37,640  undulations  in 
an  inch,  and  458,000,000,000,000  in  a  second.  Yellow  light  re- 
quires 44,000  undulations  in  an  inch,  and  535,000,000,000,000 
in  a  second ;  whilst  the  eff"ect  of  blue  results  from  51,110  un- 
dulations within  an  inch,  and  622,000,000,000,000  of  waves  in 
a  second  of  time. — Hunfs  Poetry  of  Science. 

VISIBILITY  OF  OBJECTS. 

In  terrestrial  objects,  the  form,  no  less  than  the  modes  of 
illumination,  determines  the  magnitude  of  the  smallest  angle 
of  vision  for  the  naked  eye.  Adams  very  correctly  observed 
that  a  long  and  slender  staflF  can  be  seen  at  a  much  greater 
distance  than  a  square  whose  sides  are  equal  to  the  diameter  of 
the  stafi".  A  stripe  may  be  distinguished  at  a  greater  distance 
than  a  spot,  even  when  both  are  of  the  same  diameter. 

The  minimum  optical  visual  angle  at  which  terrestrial  ob- 
jects can  be  recognised  by  the  naked  eye  has  been  gradually 
estimated  lower  and  lower,  from  the  time  when  Robert  Hooke 
fixed  it  exactly  at  a  full  minute,  and  Tobias  Meyer  required 
34"  to  perceive  a  black  speck  on  white  paper,  to  the  period 
of  Leuwenhoeck's  experiments  with  spiders'  threads,  which  are 
visible  to  ordinary  sight  at  an  angle  of  4"  7.  In  Hueck's  most 
accurate  experiments  on  the  problem  of  the  movement  of  the 
crystalline  lens,  white  lines  on  a  black  ground  were  seen  at  an 
angle  of  1"'2  ;  a  spider's  thread  at  0"*6 ;  and  a  fine  glistening 
wire  at  scarcely  0""2. 

Humboldt,  when  at  Chillo,  near  Quito,  where  the  crests  of  the 
volcano  of  Pichincha  lay  at  a  horizontal  distance  of  90,000  feet,  was 
much  struck  by  the  circumstance  that  the  Indians  standing  near  distin- 
guished the  figure  of  Bonpland  (then  on  an  expedition  to  the  volcano), 
as  a  white  point  moving  on  the  black  basaltic  sides  of  the  rock,  sooner 
than  Humboldt  could  discover  him  with  a  telescope.  Bonpland  was 
enveloped  in  a  white  cotton  poncho  :  assuming  the  breadth  across  the 
shoulders  to  vary  from  three  to  five  feet,  according  as  the  mantle  clung 
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to  the  figure  or  fluttered  in  the  breeze,  and  judging  from  the  known 
distance,  the  angle  at  which  the  moving  object  could  be  distinctly  seen 
varied  from  7"  to  12".  White  objects  on  a  black  ground  are,  according 
to  Hueck,  distinguished  at  a  greater  distance  than  black  objects  on  a 
white  ground. 

Gauss's  heliotrope  light  has  been  seen  with  the  naked  eye  reflected 
from  the  Brocken  on  Hobenhagen  at  a  distance  of  about  227,000  feet, 
or  more  than  42  miles ;  being  frequently  visible  at  points  in  which  the 
apparent  breadth  of  a  three-inch  mirror  was  only  0"'43, 


THE  SMALLEST  BEIGHT  BODIES. 

Ehrenberg  has  found  from  experiments  on  the  dust  of  dia- 
monds, that  a  diamond  superficies  of  j^th  of  a  line  in  diameter 
presents  a  much  more  vivid  light  to  the  naked  eye  than  one  of 
quicksilver  of  the  same  diameter.  On  pressing  small  globules 
of  quicksilver  on  a  glass  micrometer,  he  easily  obtained  smaller 
globules  of  the  ^th  to  the  ^^th  of  a  line  in  diameter.  In 
the  sunshine  he  could  only  discern  the  reflection  of  light,  and 
the  existence  of  such  globules  as  were  ^^th  of  a  line  in  dia- 
meter, with  the  naked  eye.  Smaller  ones  did  not  affect  his 
eye  ;  but  he  remarked  that  the  actual  bright  part  of  the  glo- 
bule did  not  amount  to  more  than  ^^th  of  a  line  in  diameter. 
Spider-threads  of  a^th  in  diameter  were  still  discernible 
from  their  lustre.  Ehrenberg  concludes  that  there  are  in  or- 
ganic bodies  magnitudes  capable  of  direct  proof  which  are  in 
diameter  rooWr  of  a  line ;  and  others,  that  can  be  indirectly 
proved,  which  may  be  less  than  a  six-millionth  part  of  a  Paris- 
ian line  in  diameter. 


VELOCITY  OF  LIGHT. 

^  It  is  scarcely  possible  so  to  strain  the  imagination  as  to  con- 
ceive the  Velocity  with  which  Light  travels.  "  What  mere 
assertion  will  make  any  man  believe,"  asks  Sir  John  Herschel 

that  m  one  second  of  time,  in  one  beat  of  the  pendulum  of 
a  clock,  a  ray  of  light  travels  over  192,000  miles;  and  would 
therefore  perform  the  tour  of  the  world  in  about  the  same  time 
that  It  requu-es  to  wink  with  our  eyeUds,  and  in  much  less  time 
than  a  swift  runner  occupies  in  taking  a  single  stride?"  Were 
a  cannon-ball  shot  directly  towards  the  sun,  and  were  it  to  main- 
tain its  fuU  speed,  it  would  be  twenty  years  in  reaching  it  -  and 
yet  light  travels  through  this  space  in  seven  or  eight  minutes. 

Ihe  result  given  in  the  Annuaire  for  1842  for  the  velocity 
S^i'ioJ  ^^'^^0  leagues,  which  corresponds  to 

•  '  obtained  atthePulkowa  Observatory 

18  189,746  miles.  William  Richardson  gives  as  the  result  of  the 
passage  oi  light  from  the  sun  to  the  earth  8'  19"  -28,  from  which 
we  obtain  a  velocity  of  215,392  miles  in  a  second.-3femoirs  of 
t/ie  Astronomical  Society^  vol.  iv. 
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In  other  words,  light  travels  a  distance  equal  to  eight  times 
the  circumference  of  the  earth  between  two  beats  of  a  clock. 
This  is  a  prodigious  velocity;  but  the  measure  of  it  is  very  cer- 
tain.— Professor  Airy. 

The  navigator  who  has  measured  the  earth's  circuit  by  his 
hourly  progress,  or  the  astronomer  who  has  paced  a  degree  of 
the  meridian,  can  alone  form  a  clear  idea  of  velocity,  when  we 
tell  him  that  light  moves  through  a  space  equal  to  the  circum- 
ference of  the  earth  in  the  eighth  part  of  a  second— va.  the  twink- 
ling of  an  eye. 

Could  an  observer,  placed  in  the  centre  of  the  earth,  see  thLs  moving 
light,  as  it  describes  the  earth's  circumference,  it  would  appear  a  lumin- 
ous ring;  that  is,  the  impression  of  the  light  at  the  commencement  of 
its  journey  would  continue  on  the  retina  till  the  light  had  completed  its 
circuit.  Nay,  since  the  impression  of  light  continues  longer  than  the 
fourth  part  of  a  second,  tioo  luminous  rings  would  be  seen,  provided  the 
light  made  two  rounds  of  the  earth,  and  in  paths  not  coincident. 

APPARATUS  FOR  THE  MEASUREMENT  OF  LIGHT. 

Humboldt  enumerates  the  following  different  methods 
adopted  for  the  Measurement  of  Light :  a  comparison  of  the 
shadows  of  artificial  lights,  differing  in  numbers  and  distance  ; 
diaphragms  ;  plane-glasses  of  different  thickness  and  colour ; 
artificial  stars  formed  by  reflection  on  glass  spheres ;  the  juxta- 
position of  two  seven-feet  telescopes,  separated  by  a  distance 
which  the  observer  could  pass  ui  about  a  second ;  reflectmg  m- 
struments  in  which  two  stars  can  be  sunultaneously  seen  and 
compared,  when  the  telescope  has  been  so  adjusted  that  the 
star  gives  two  images  of  like  intensity  ;  an  apparatus  havmg 
(in  ftont  of  the  object-glass)  a  mirror  and  diaphragms  whose 
rotation  is  measured  on  a  ring;  telescopes  with  divided  ob- 
iect-glasses,  on  either  half  of  which  the  stellar  light  is  received 
through  a  prism ;  astrometers,  in  which  a  prism  reflects  the 
image  of  the  moon  or  Jupiter,  and  concentrates  it  through  a 
lens  at  different  distances  into  a  star  more  or  less  bright.— 
Cosmos,  vol.  iii. 

HOW  FIZEAU  MEASURED  THE  VELOCITY  OF  LIGHT. 

This  distinguished  physicist  has  submitted  the  Velocity  of 
Light  to  terrestrial  measurement  by  means  of  an  ingeniously 
constructed  apparatus,  in  which  artificial  light  (resembhng 
Sr  light),  generated  from  oxygen  and  hydrogen,  is  made 
to  pass  back  by  means  of  a  mirror,  over  a  distance  of  28  321 
Jeet^S  the  same^oint  from  which  it  emanated.  A  disc  hav- 
ing 720  teeth,  which  made  12-6  rotations  in  a  second,  alter- 
Sftely  Ob  cu^^d  the  ray  of  light  and  allowed  ^t  to  he  seen 
between  the  teeth  on  the  margin.  It  was  supposed,  from  the 
markSg  of  a  counter,  that  the  artificial  light  traversed  56,642 
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feet,  or  the  distance  to  and  from  the  stations,  in  rsWth  part  of 
a  second,  whence  we  obtain  a  velocity  of  191,460  miles  in  a  se- 
cond.* This  result  approximates  most  closely  to  Delambre's 
(which  was  189,173  mUes),  as  obtained  from  Jupiter's  satellites. 

The  invention  of  the  rotating  mirror  is  due  to  Wheatstone,  who  made 
an  experiment  with  it  to  determine  the  velocity  of  the  propagation  of  the 
discharge  of  a  Leyden  battery.  The  most  striking  application  of  the 
idea  was  made  by  Fizeau  and  Foucault,  in  1853,  in  carrying  out  a  pro- 
position made  by  Arago,  soon  after  tlie  invention  of  the  mirror  :  we  have 
here  determined  in  a  distance  of  twelve  feet  no  less  than  the  velocity 
with  which  light  is  propagated,  which  is  known  to  be  nearly  200,000 
miles  a  second;  the  distance  mentioned  corresponds  therefore  to'tho 
7/-millionth  part  of  a  second.  The  object  of  these  measurements  was 
to  compare  the  velocity  of  light  in  air  with  its  velocity  in  water  •  which 
when  the  length  is  greater,  is  not  sufficiently  transparent.  The  most 
complete  optical  and  mechanical  aids  are  here  necessary:  the  mirror  of 
Foucault  made  from  600  to  800  revolutions  in  a  second,  while  that  of 
Fizeau  performed  1200  to  1500  in  the  same  time.-Prof.  EelmhoLtz  on 
the  Methods  of  Measuring  very  small  PortioTis  of  Time. 

WHAT  IS  DONE  BY  POLARISATION  OF  LIGHT. 

.   Malus,  in  1808,  was  led  by  a  casual  observation  of  the  liffht 
of  the  settmg  sun,  reflected  from  the  windows  of  the  Palais  de 
Luxembourg,  at  Paris,  to  investigate  more  thoroughly  the  phe- 
nomena of  double  refraction,  of  ordinary  and  of  chromatic  po- 
larisation, of  interference  and  of  diflfraction  of  light.  Among 
his  results  may  be  reckoned  the  means  of  distinguishing  between 
direct  and  reflected  light;  the  power  of  penetrating,  as  it  were 
into  the  constitution  of  the  body  of  the  sun  and  of  its  luminous 
envelopes;  of  measuring  the  pressure  of  atmospheric  strata 
and  even  the  smallest  amount  of  water  they  contain  •  of  ascer- 
taining the  depths  of  the  ocean  and  its  rocks  by  means  of  a 
tourmaline  plate ;  and  in  accordance  with  Newton's  prediction 
of  comparing  the  chemical  composition  of  several  substances 
mth  their  optical  effects. 

Arago  in  a  letter  to  Humboldt,  states  that  by  the  aid  of  his  nolari 
scope  he  discovered,  before  1820,  that  the  light  of  aU  terreSobW," 
m  a  state  of  incandescence,  whether  they  be^olid  «^1  S  fs  natff 
80  long  as  It  emanates  from  the  object  in  perpendicular  rnvs  c\^' 
other  hand,  if  such  light  emanate  it  an  aL  JrangleXresents  ^ 
feat  proofs  of  polarisation.    This  led  M.  Araeo  to  the  rin^7,  vrw 
^ion,  that  light  is  not  generated  on  the  tSe  oMr:^it:t  t'Sat 

A  ray  of  light  which  reaches  our  eyes  after  traversing  many 
millions  of  miles,  from  the  remotest  regions  of  heavfn  an 
nounces,  as  it  were  of  itself,  in  the  polariscoperwSr'it  I 

d^^er^He  lSltTe"vTlo'^ToTS^  ««l-toHa, 
210.000  milos  in  the  second.  ^^'^'"'^^      "S"*'  *^  ^O'OOO  such  leagues,  or  about 
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reflected  or  refracted,  whether  it  emanates  from  a  solid  or  fluid 
or  gaseous  body ;  it  announces  even  the  degree  of  its  intensity. 
— Humboldt's  Cosmos,  vols.  i.  and  ii. 

MINUTENESS  OF  LIGHT. 

There  is  something  wonderful,  says  Arago,  in  the  experi- 
ments which  have  led  natural  philosophers  legitimately  to  talk 
of  the  different  sides  of  a  ray  of  light ;  and  to  show  that  mil- 
lions and  millions  of  these  rays  can  simultaneously  pass  through 
the  eye  of  a  needle  without  interfering  with  each  other! 

THE  IMPORTANCE  OF  LIGHT. 

Light  affects  the  respiration  of  animals  just  as  it  affects  the 
respiration  of  plants.  This  is  novel  doctrine,  but  it  is  demon- 
strable In  the  day-time  we  expire  more  carbonic  acid  than 
during  the  night;  a  fact  known  to  physiologists,  who  explain 
it  as  the  effect  of  sleep :  but  the  difference  is  mainly  owing  to 
the  presence  or  absence  of  sunlight ;  for  sleep,  ^  s\eej>,  increases, 
instead  of  diminishing,  the  amount  of  carbonic  acid  expired, 
and  a  man  sleeping  will  expire  more  carbonic  acid  than  if  he 
lies  quietly  awake  under  the  same  conditions  of  light  and  tem- 
perature :  so  that  if  less  is  expired  during  the  night  than  during 
the  day,  the  reason  cannot  be  sleep,  but  the  absence  of  light^ 
Now  we  understand  why  men  are  sickly  and  stunted  who  live 
in  narrow  streets,  alleys,  and  cellars,  compared  with  those  who, 
under  similar  conditions  of  poverty  and  dirt  hve  m  the  sun- 
lisht— Blackwood's  Edinburgh  Magazine,  1858. 

The  influence  of  light  on  the  colours  of  organised  creation  is  well 
ihe  inauence  oi  ug  seaweeds  of  the  most  beau- 

the  nch  tints  of  the  ^^''^'.^jj'^^i^i^^  g^i^  ^ear  the  surface  are  also 

—EuTiCs  Poetry  of  Science. 

ACTION  OF  LIGHT  ON  MUSCULAR  FIBRES. 

That  lieht  is  capable  of  acting  on  muscular  fibres,  indepen^ 
^oJw  the  influence  of  the  nerves,  was  mentioned  by  several 
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that  the  ins  of  an  eel  showed  itself  susceptible  of  the  excite- 
ment sixteen  days  after  the  eyes  were  removed  from  the  creature's 

wWK  1-  V,.  .1^'  ^^r^  °^^scle  is  the  only  one  on 

which  light  thus  takes  effect.— PAt7.  Trans.  1857. 


LIGHT  NIGHTS. 


well-attested  facts  prove,  perfectly  to 
^SnX,-i^  operations  at  work  in  the  much-contested  upper 
whl  n  ^'™osP^ere.    The  extraordinary  lightness  of 

be  read  ?t  -^V'^'i^^/'  -^^""^  ^^^''^^  ^"^^^  P"«t  flight 
be  read  at  midnight  m  the  latitudes  of  Italy  and  the  north  of 

accZS  ^T'^^  that  we  know; 

Duscnkr?W     '^aVT-^^''^  researches  on  the  cre- 

puscular theory  and  the  height  of  the  atmosphere. -^io^. 

PHOSPHOEESCENCE  OF  PLANTS. 

f T,o  recounts  these  striking  instances!    The  leaves  of 

ttfthe  :s.rry\'"  f '  .4  ^^^^^^^  phosphoSi  ghl 

Z^Jv        ^  charged  with  electricity.    The  acrarics 

of  the  ohve-grounds  of  Montpelier  too  have  been  observedTo  hp 
ummous  at  night ;  but  they^are  said  to  Ixhibl?  no  iTght  even 
roSer'ntri?  subterranean  passafes  'of  Ihe 

centTiSit  of  tL^7?^'^  ^7  iUuminated  by  the  phosphores! 

On  tKaves  o^h^rT^^^^  a  peculiar  fungus, 

u-  iT  •       ^     ^'^^  Pmdoba  palm  grows  a  snecies  ni 

of  thP  r\'^'''^^^^^^  luminous  at  nifhtTandTan^  ^Ses 
of  the  hchens  creeping  along  the  rooff  of  caverns  Lnd^  them 

diffuse     Tn'^'°*"1?'  ^^'^^  '"^^        «l«ar  hght  whic^they 

fa^ntf  it  fs  ztehe  &of  £ricrsl 

PHOSPHOEESCENCE  OF  THE  SEA 

obtained.*      ^        ^'^^^       "^^^^  satisfactory  proofs  yet 
In  Brazil  has  been  observed  a  plant,  conjectured  to  be  an 

•  See  Thingi  not  generally  Known,  p.  88. 
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Euphorbium,  very  remarkable  for  the  light  which  it  yields  when 
cut.    It  contains  a  milky  juice,  which  exudes  as  soon  as  the 
..plant  is  wounded,  and  appears  luminous  for  several  seconds. 

LIGHT  FROM  FUNGUS. 

Phosphorescent  funguses  have  been  found  in  Brazil  by  Mr. 
Gardner,  growing  on  the  decaying  leaves  of  a  dwarf  palm.  They 
vary  from  one  to  two  inches  across,  and  the  whole  plant  gives 
out  at  night  a  bright  phosphorescent  light,  of  a  pale  greenish 
hue  similar  to  that  emitted  by  fire-flies  and  phosphorescent 
marine  animals.  The  Ught  given  out  by  a  few  of  these  fungi 
in  a  dark  room  is  sufficient  to  read  by.  A  very  large  phospho- 
rescent species  is  occasionally  found  in  the  Swan  River  colony. 

LIGHT  FROM  BUTTONS. 

Upon  highly  polished  gilt  buttons  no  figure  whatever  can 
be  seen  by  the  most  careful  examination;  yet,  when  they  are 
made  to  reflect  the  light  of  the  sun  or  of  a  candle  upon  a  piece 
of  paper  held  close  to  them,  they  give  a  beautiful  geometrical 
figure,  with  ten  rays  issuing  from  the  centre,  and  terminatmg 
in  a  luminous  rim. 

COLOXJRS  OF  SCRATCHES. 

An  extremely  fine  scratch  on  a  well-polished  surface  may 
be  regarded  as  having  a  concave,  cylindrical,  or  at  least  a 
cived  surface,  capable  of  reflecting  light  in  all  ^rections;  this 
re^denrfor  it  is  visible  in  all  directions  Hence  a  single 
^crS  or  furrow  in  a  surface  may  produce  colours  by  the  inter- 
ference of  the  rays  reflected  from  its  opposite  edges.  Examine 
a  pX'8  thread'in  the  sunshine,  and  it  will  glf  ni h^^d 
colours  These  may  arise  from  a  similar  cause ;  or  from  the 
Jhrerd  itself,  as  spun  by  the  animal,  consisting  of  several 
Jhi-eads  alglutinated  together,  and  thus  presenting,  not  a  cy- 
lindrical,  but  a  furrowed  sui-face. 

MAGIC  BUST. 

Sir  David  Brewster  has  shown  how  the  rigid,  features  of  a 
white  bit  may  be  made  to  move  and  vary  their  expression, 
rometimes  sSr^^   sometimes  frowning,  by  inoving  rapidly 

wreaths  of  smoke. 

COLOURS  HIT  MOST  FREQUENTLY  DURING  BATTLE. 

It  would  appear  from  numerous  observations  that  soldiers 
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are  hit  during  battle  according  to  the  colour  of  their  dress  in 
the  following  order:  red  is  the  most  fatal  colour;  the  least 
fatal,  Austrian  gray.  The  proportions  are,  red,  12 ;  rifle-green, 
7 ;  brown,  6 ;  Austrian  bluish-gray,  6. — Jameson's  Journal,  1863. 


TEANSMUTATION  OF  TOPAZ. 


Yellow  topazes  may  be  converted  into  pink  by  heat ;  J^ut  it 
is  a  mistake  to  suppose  that  in  the  process  the  yellow  colour  is 
changed  into  pink :  the  fact  is,  that  one  of  the  pencils  being 
yellow  and  the  other  pink,  the  yellow  is  discharged  by  heat, 
thus  leaving  the  pink  unimpaired. 

COLOUES  AND  TINTS. 

M.  Chevreul,  the  Directeur  des  Gobelins,  has  presented  to  the 
French  Academy  a  plan  for  a  universal  chromatic  scale,  and  a 
methodical  classification  of  all  imaginable  colours.  Mayer,  a 
professor  at  Gottingen,  calculated  that  the  diflferent  combina- 
tions of  primitive  colours  produced  819  different  tints;  but  M. 
Chevreul  established  not  less  than  14,424,  all  very  distinct  and 
easily  recognised,— all  of  course  proceeding  from  the  three  pri- 
mitive simple  colours  of  the  solar  spectrum,  red,  yellow,  and 
blue.  For  example,  he  states  that  in  the  violet  there  are  twenty- 
eight  colours,  and  in  the  dahlia  forty-two. 

OBJECTS  EEALLY  OF  NO  COLOUR. 

A  body  appears  to  be  of  the  colour  which  it  reflects;  as  we 
see  it  only  by  reflected  rays,  it  can  but  appear  of  the  colour 
of  those  rays.  Thus  grass  is  green  because  it  absorbs  all  except 
the  green  rays.  Flowers,  in  the  same  manner,  reflect  the  va- 
rious colours  of  which  they  appear  to  us:  the  rose,  the  red  rays  • 
the  violet,  the  blue;  the  daffodil,  the  yellow,  &c.  But  these 
are  not  the  permanent  colours  of  the  grass  and  flowers;  for 
wherever  you  see  these  colours,  the  objects  must  be  illuminated  • 
and  light,  from  whatever  source  it  proceeds,  is  of  the  same  na- 
ture, composed  of  the  various  coloured  rays  which  paint  the 
grass,  the  flowers,  and  every  coloured  object  in  nature.  Objects 
in  the  dark  have  no  colour,  or  are  black,  which  is  the  same 
thmg.  You  can  never  see  objects  without  light.  Light  is  com- 
posed of  colours,  therefore  there  can  be  no  light  without  co- 
lours; and  though  every  object  is  black  or  without  colour  in 
the  dark,  it  becomes  coloured  as  soon  as  it  becomes  visible. 

THE  DIORAMA— WHY  SO  PERFECT  AN  ILLUSION. 

Because  when  an  object  is  viewed  at  so  great  a  distance 
that  the  optic  axes  of  both  eyes  are  sensibly  parallel  when 
directed  towards  it,  the  perspective  projections  of  it,  seen  by 
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each  eye  separately,  are  similar ;  and  the  appearance  to  the 
two  eyes  is  precisely  the  same  as  when  the  object  is  seen  by 
one  eye  only.  There  is,  in  such  case,  no  diflference  between 
the  visual  appearance  of  an  object  in  relief  and  its  perspective 
projection  on  a  plane  surface  ;  hence  pictorial  representations 
of  distant  objects,  when  those  circumstances  which  would  pre- 
vent 0^  disturb  the  illusion  are  carefully  excluded,  may  be 
rendered  such  perfect  resemblances  of  the  objects  they  are  in- 
tended to  represent  as  to  be  mistaken  for  them.  The  Diorama 
is  an  instance  of  this. — Professor  Wheatst07ie;  Fhilosophy;al 
Tramactions,  1838. 

CUEIOUS  OPTICAL  EFFECTS  AT  THE  CAPE. 

Sir  John  Herschel,  in  his  observatory  at  Feldhausen,  at  the 
base  of  the  Table  Mountain,  witnessed  several  curious  optical 
effects,  arising  from  peculiar  conditions  of  the  atmosphere  in- 
cident to  the  climate  of  the  Cape.  In  the  hot  season  "the 
nights  are  for  the  most  part  superb but  occasionally,  during 
the  excessive  heat  and  dryness  of  the  sandy  plains,  "  the  op- 
tical tranquillity  of  the  air"  is  greatly  disturbed.  In  some 
cases,  the  images  of  the  stars  are  violently  dilated  into  nebular 
I  alls  or  puflFs  of  15'  in  diameter;  on  other  occasions  they  form 
"soft,  round,  quiet  pellets  of  3'  or  4'  diameter,"  resembling 
planetary  nebulae.  In  the  cooler  months  the  tranquillity  of 
the  image  and  the  sharpness  of  vision  are  such,  that  hardly  any 
limit  is  set  to  magnifying  power  but  that  which  arises  from 
the  aberration  of  the  specula.  On  occasions  like  these,  optical 
phenomena  of  extraordinary  splendour  are  produced  by  viewing 
a  bright  star  through  a  diaphragm  of  cardboard  or  zinc  pierced 
in  regular  patterns  of  circular  holes  by  machineiy  :  these  phe- 
nomena surprise  and  delight  every  person  that  sees  them. 
When  close  double  stars  are  viewed  with  the  telescope,  with  a 
diaphragm  in  the  form  of  an  equilateral  triangle,  the  discs  of 
the  two  stars,  which  are  exact  circles,  have  a  clearness  and 
perfection  almost  incredible. 

THE  TELESCOPE  AND  THE  MICKOSCOPE. 

So  singular  is  the  position  of  the  Telescope  and  the  Micro- 
scope among  the  great  inventions  of  the  age,  that  no  other 
process  but  that  which  they  embody  could  make  the  sliglitest 
approximation  to  the  secrets  which  they  disclose.  The  steam- 
engine  might  have  been  imperfectly  replaced  by  an  air  or  an 
ether-engine ;  and  a  highly  elastic  fluid  might  have  been,  and 
may  yet  be,  found,  which  shall  impel  the  "  rapid  car,"  or  drag 
the  merchant-ship  over  the  globe.  The  electric  telegraph, 
now  so  perfect  and  unerring,  might  have  spoken  to  us  in  tho 
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rude  "language  of  chimes;"  or  sound,  in  place  of  electricity, 
might  have  passed  along  the  metallic  path,  and  appealed  to 
the  ear  in  place  of  the  eye.  For  the  printing-press  and  the 
typographic  art  might  have  been  found  a  substitute,  however 
poor,  in  the  lithographic  process ;  and  knowledge  might  have 
been  widely  diffused  by  the  photographic  printing  powers  of 
the  sun,  or  even  artificial  light.  But  without  the  telescope  and 
the  microscope,  the  human  eye  would  have  struggled  in  vain  to 
study  the  worlds  beyond  our  own,  and  the  elaborate  structures 
of  the  organic  and  inorganic  creation  could  never  have  been 
revealed.— Mrtk-Briiish  Review,  No.  60. 

INVENTION  OF  THE  MICROSCOPE. 

The  earliest  magnifying  lens  of  which  we  have  any  know- 
ledge was  one  rudely  made  of  rock-crystal,  which  Mr.  Layard 
found,  among  a  number  of  glass  bowls,  in  the  north-west  palace 
of  Nimroud ;  but  no  similar  lens  has  been  found  or  described 
to  mduce  us  to  believe  that  the  microscope,  either  single  or 
compound,  was  invented  and  used  as  an  instrument  previous 
to  the  commencement  of  the  seventeenth  century.  In  the 
begmning  of  the  first  centuiy,  however,  Seneca  aUudes  to  the 
magnifymg  power  of  a  glass  globe  filled  with  water  ;  but  as  he 
only  states  that  it  made  small  and  indistinct  letters  appear 
larger  and  more  distinct,  we  cannot  consider  such  a  casual  re- 
mark as  the  invention  of  the  single  microscope,  though  it  might 
have  led  the  observer  to  try  the  effect  of  smaller  globes,  and 
thus  obtain  magnifying  powers  sufficient  to  discover  pheno- 
mena otherwise  invisible. 

Lenses  of  glass  were  undoubtedly  in  existence  at  the  time 

Z^^l^i  ^^^^  P^"°^'  "^any  centuries  after- 

wanls,  they  appear  to  have  been  used  only  as  burning  or  as 
reading  glasses  ;  and  no  attempt  seems  to  have  been  made  to 
.  torm  them  of  so  small  a  size  as  to  entitle  them  to  be  regarded 
No  ^50^''''''°'^  of  the  single  micvo^co^e.~North- British 

The  rock-crystal  lens  found  at  Nineveh  was  examined  by  Sur  David 

wfJ^f      7^  ^  its  aperture    Its  g^ene^al  form 

was  that  of  a  plano-con  vex  lens,  the  plane  side  having  been  ffrmed  oS 
of  the  original  faces  of  the  six-sided  crystal  quartz,  as  Sir  Da"  d  ascer- 
somtcheJ  ^Tlff^"^  on  polarised  ligh't:  tb?s  was  badly  poSed  and 
scratched.    The  convex  face  of  the  lens  had  not  been  groimd  in  a  dish 

sted  on°hanfJf  ™^°r      ''^''^  ^«  nowTrmed  bit  wa 

^^  fn    ^?\  JTV^.  such  manner.   Hence  it  was 

unequally  thick  ;  but  its  extreme  thickness  was  Uhs  of  nn  iLl.  if 
focal  length  being  4^  inches.  It  had  twelve  r^mafns  of  cavities  whic^ 
had  onginally  contained  liquids  or  condeused^ases    ^tr        J  K 

r?rroVtIc"K'^''S,^'"^'  '^^^  loorefupfn":an o^namTnt  b" 
a  jrue  optical  lens.   In  the  same  ruins  were  found  some  decomposed 
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HOW  TO  MAKE  THE  FISH-EYE  MICROSCOPE. 

Very  good  microscopes  may  be  made  with  the  crystalline 
lenses  offish,  birds,  and  quadrupeds.  As  the  lens  of  fishes  is 
spherical  or  spheroidal,  it  is  absolutely  necessary,  previous  to 
its  use,  to  determine  its  optical  axis  and  the  axis  of  vision 
of  the  eye  from  which  it  is  taken,  and  place  the  lens  in  such  a 
manner  that  its  axis  is  a  continuation  of  the  axis  of  our  own 
eye.  In  no  other  direction  but  this  is  the  albumen  of  which 
the  lens  consists  symmetrically  disposed  in  laminae  of  equal 
density  round  a  given  line,  which  is  the  axis  of  the  lens  ;  and 
in  no  other  direction  does  the  gradation  of  density,  by  which 
the  spherical  aberration  is  corrected,  preserve  a  proper  relation 
to  the  axis  of  vision. 

When  the  leus  of  any  small  fish,  such  as  a  minnow,  a  par,  or  trout, 
has  been  taken  out,  along  with  the  adhering  vitreous  humour,  from  the 
eye-ball  by  cutting  the  sclerotic  coat  with  a  pair  of  scissors,  it  should  be 
placed  upon  a  piece  of  fine  silver-paper  previously  freed  from  its  minute 
adhering  fibres.  The  absorbent  nature  of  the  paper  will  assist  in  re- 
moving all  the  vitreous  humour  from  the  lens ;  and  when  this  is  care- 
fiilly  done,  by  rolling  it  about  with  another  piece  of  silver-paper,  there 
will  still  i-emain,  round  or  near  the  equator  of  the  lens,  a  black  ridge, 
consisting  of  the  processes  by  which  it  was  suspended  in  the  eye-ball. 
The  black  circle  points  out  to  us  the  true  axis  of  the  lens,  which  is  per- 
pendicular to  a  plane  passing  through  it.  When  the  small  crystaUine 
has  been  freed  from  all  the  adhering  vitreous  humour,  the  capsule  which 
contains  it  will  have  a  surface  as  fine  as  a  pelHcle  of  fluid.  It  is  then  to 
be  dropped  from  the  paper  into  a  cavity  formed  by  a  brass  rim,  and  its 
position  changed  till  the  black  circle  is  parallel  to  the  circular  rim,  in 
which  case  only  the  axis  of  the  lens  will  be  a  continuation  of  the  axis  of 
the  observer's  eye. — Mdin.  Jour.  Science,  vol.  ii. 

leuwenhoeck's  MICKOSCOPES. 
Leuwenhoeck,  the  father  of  microscopical  discovery,  com- 
municated to  the  Royal  Society,  in  1673,  a  description  of  the 
structure  of  a  bee  and  a  louse,  seen  by  aid  of  his  improved  mi- 
croscopes ;  and  from  this  period  until  his  decease  in  1723,  he 
regularly  transmitted  to  the  society  his  microscopical  observa- 
tions and  discoveries,  so  that  375  of  his  papers  and  letters  are 
preserved  in  the  society's  archives,  extending  over  fifty  years. 
He  further  bequeathed  to  the  Royal  Society  a  cabinet  of  twenty- 
ux  microscopes,  which  he  had  ground  himself  and  set  in  silver, 
^lostly  extracted  by  him  from  minerals;  these  microscopes  were 
exhibited  to  Peter  the  Great  when  he  was  at  Delft  in  1698.  In 
acknowledging  the  bequest,  the  council  of  the  Royal  Society, 
in  1724,  presented  Leuwenhoeck's  daughter  with  a  handsome 
silver  bowl,  bearing  the  arms  of  the  society.— IFeWs  Bistorf/ 
of  the  Royal  Society,  vol.  i. 

DIAMOND  lenses  FOR  mCKOSCOPES. 

In  recommending  the  employment  of  Diamond  and  other 
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gems  in  the  construction  of  Microscopes,  Sii-  David  Brewster 
has  been  met  with  the  objection  that  they  are  too  expensive  for 
such  a  purpose ;  and,  says  Sir  David,  "  they  certainly  are  for 
instruments  intended  merely  to  instruct  and  amuse.  But  if 
we  desire  to  make  great  discoveries,  to  unfold  secrets  yet  hid 
in  the  cells  of  plants  and  animals,  we  must  not  grudge  even  a 
diamond  to  reveal  them.  If  Mr.  Cooper  and  Sir  James  South 
have  given  a  couple  of  thousand  pounds  a  piece  for  a  refracting 
telescope,  in  order  to  study  what  have  been  miscalled  '  dots ' 
and  '  lumps  '  of  light  on  the  sky ;  and  if  Lord  Rosse  has  ex- 
pended far  greater  sums  on  a  reflecting  telescope  for  analysing 
what  has  been  called  '  sparks  of  mud  and  vapour '  encumber- 
ing the  aziu-e  purity  of  the  heavens, — why  should  not  other  phi- 
losophers open  their  purse,  if  they  have  one,  and  other  noble- 
men sacrifice  some  of  their  household  jewels,  to  resolve  the  mi- 
croscopic structures  of  our  own  real  world,  and  disclose  secrets 
which  the  Almighty  must  have  intended  that  we  should  know  ?" 
— Proceedings  of  the  British  Association^  1857. 

THE  EYE  AND  THE  BRAIN  SEEN  THROUGH  A  MICROSCOPE. 

By  a  microscopic  examination  of  the  retina  and  optic  nerve 
and  the  brain,  M.  Bauer  found  them  to  consist  of  globules  of 
TsW^h  to  ^oWth  of  an  inch  diameter,  united  by  a  transparent 
viscid  and  coagulable  gelatinous  fluid. 

MICROSCOPICAL  EXAMINATION  OF  THE  HAIR. 

If  a  hair  be  drawn  between  the  finger  and  thumb,  from  the 
end  to  the  root,  it  will  be  distinctly  felt  to  give  a  greater  resist- 
ance and  a  difi"erent  sensation  to  that  which  is  experienced 
when  drawn  the  opposite  way :  in  consequence,  if  the  hair  be 
rubbed  between  the  fingers,  it  will  only  move  one  way  (travel- 
ling in  the  direction  of  a  line  drawn  from  its  termination  to  its 
prigin  from  the  head  or  body),  so  that  each  extremity  may  thus 
be  easily  distinguished,  even  in  the  dark,  by  the  touch  alone. 

_  The  mystery  is  resolved  by  the  achromatic  microscope.  A 
hau-  viewed  on  a  dark  ground  as  an  opaque  object  with  a  high 
power,  not  less  than  that  of  a  lens  of  one-thirtieth  of  an  inch 
I  focus,  and  dully  illuminated  by  a  cup,  the  hair  is  seen  to  be  in- 
ji  dented  with  teeth  somewhat  resembling  those  of  a  coarse  round 
I  rasp,  but  extremely  irregular  and  rugged :  as  these  incline  all 
I  in  one  direction,  like  those  of  a  common  file,  viz.  from  the 
origm  of  the  hair  towards  its  extremity,  it  suflSciently  explains 
the  above  singular  property. 

^  This  is  a  singular  proof  of  the  acuteness  of  the  sense  of  feel- 
!mg,  for  the  said  teeth  may  be  felt  much  more  easily  than  they 
can  be  seen.  We  may  thus  understand  why  a  razor  will  cut  a 
hair  m  two  much  more  easily  when  drawn  against  its  teeth  than 
in  the  opposite  direction— i)r.  Goring. 
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THE  MICROSCOPE  AND  THE  SEA. 

What  myriads  has  the  microscope  revealed  to  us  of  the  rich 
luxuriance  of  animal  life  in  the  ocean,  and  conveyed  to  our  as- 
tonished senses  a  consciousness  of  the  universality  of  life!  In 
the  oceanic  depths  every  stratum  of  water  is  animated,  and 
Bwarms  with  countless  hosts  of  small  luminiferous  animalcules, 
mammaria,  Crustacea,  peridinea,  and  circling  nereides,  which, 
when  attracted  to  the  surface  by  peculiar  meteorological  condi- 
tions, convert  every  wave  into  a  foaming  band  of  flashing  light. 

USE  OF  THE  MICEOSCOPE  TO  MINERALOGISTS. 

M.  Bufour  has  shown  that  an  imponderable  quantity  of  a 
substance  can  be  crystallised ;  and  that  the  crystals  so  obtained 
are  quite  characteristic  of  the  substances,  as  of  sugar,  chloride 
of  sodium,  arsenic,  and  mercury.  This  process  may  be  ex- 
tremely valuable  to  the  mineralogist  and  toxicologist  when  the 
substance  for  examination  is  too  small  to  be  submitted  to  tests. 
By  aid  of  the  microscope,  also,  shells  are  measured  to  the  thou- 
sandth part  of  an  inch. 

FINE  DOWN  OF  QUARTZ. 

Sir  David  Brewster  having  broken  in  two  a  crystal  of  quartz 
of  a  smoky  colour,  found  both  surfaces  of  the  fracture  abso- 
lutely black ;  and  the  blackness  appeared  at  first  sight  to  be 
owing  to  a  thin  film  of  opaque  matter  which  had  insinuated 
itself  into  the  crevice.  This  opinion,  however,  was  untenable, 
as  every  part  of  the  surface  was  black,  and  the  two  halves  of  the 
crystals  could  not  have  stuck  together  had  the  crevice  extended 
across  the  whole  section.  Upon  further  examination  Sir  David 
found  that  the  surface  was  perfectly  transparent  by  transmitted 
light,  and  that  the  blackness  of  the  surfaces  arose  from  their 
being  entirely  composed  of  a  fine  down  of  quartz,  or  of  short 
and  slender  filaments,  whose  diameter  was  so  exceedingly  small 
that  they  were  incapable  of  reflecting  a  single  ray  of  the  strong- 
est light ;  and  they  could  not  exceed  the  one-third  of  the  mil- 
lionth part  of  an  inch.  This  curious  specimen  ia  in  the  cabinet 
of  her  grace  the  Duchess  of  Gordon. 

MICROSCOPIC  WRITING. 

Professor  Kelland  has  shown,  in  Paris,  on  a  spot  no  larger 
than  the  head  of  a  small  pin,  by  means  of  powerful  microscopes, 
several  specimens  of  distinct  and  beautiful  writing,  one  of  them 
containing  the  whole  of  the  Lord's  Prayer  written  within  this 
minute  compass.  In  reference  to  this,  two  remarkable  facts  in 
Layard's  latest  work  on  Nineveh  show  that  the  national  records 
of  Assyria  were  written  on  square  bricks,  in  characters  so  small 
as  scarcely  to  be  legible  without  a  microscope ;  in  fact,  a  micro- 
scope, as  we  have  just  shown,  was  found  in  the  ruins  of  Nimroud. 
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HOW  TO  MAKE  A  MAGIC  MIREOE. 

Draw  a  figure  with  weak  gum-water  upon  the  surface  of  a 
convex  mirror.  The  thin  film  of  gum  thus  deposited  on  the 
outline  or  details  of  the  figure  will  not  be  visible  in  dispersed 
daylight ;  but  when  made  to  reflect  the  rays  of  the  sun,  or  those 
of  a  divergent  pencil,  will  be  beautifully  displayed  by  the  lines 
and  tints  occasioned  by  the  diffraction  of  light,  or  the  inter- 
ference of  the  rays  passing  through  the  film  with  those  which 
pass  by  it. 

SIR  DAVID  BEEWSTEe's  KALEIDOSCOPE. 

The  idea  of  this  instrument,  constructed  for  the  purpose  of 
creating  and  exhibiting  a  variety  of  beautiful  and  perfectly 
symmetrical  forms,  first  occurred  to  Sir  David  Brewster  in  1814, 
•when  he  was  engaged  in  experiments  on  the  polarisation  of 
light  by  successive  reflections  between  plates  of  glass.  The 
reflectors  were  in  some  instances  inclined  to  each  other;  and 
he  had  occasion  to  remark  the  circular  arrangement  of  the 
images  of  a  candle  round  a  centre,  or  the  multiplication  of  the 
sectors  formed  by  the  extremities  of  the  glass  plates.  In  repeat- 
ing at  a  subsequent  period  the  experiments  of  M.  Biot  on  the 
action  of  fluids  upon  light,  Sir  David  Brewster  placed  the  fluids 
in  a  trough,  formed  by  two  plates  of  glass  cemented  together  at 
an  angle ;  and  the  eye  being  necessarily  placed  at  one  end,  some 
of  the  cement,  which  had  been  pressed  through  between  the 
plates,  appeared  to  be  arranged  into  a  regular  figure.  The  re- 
markable symmetry  which  it  presented  led  to  Dr.  Brewster's 
investigation  of  the  cause  of  this  phenomenon;  and  in  so  doing 
he  discovered  the  leading  principles  of  the  Kaleidoscope. 

By  the  advice  of  his  friends.  Dr.  Brewster  took  out  a  patent 
for  his  invention;  in  the  specification  of  which  he  describes  the 
kaleidoscope  in  two  different  forms.  The  instrument,  however 
having  been  shown  to  several  opticians  in  London,  became 
known  before  he  could  avail  himself  of  his  patent;  and  being 
simple  m  principle,  it  was  at  once  largelv  manufactured.  It  is 
calculated  that  not  less  than  200,000  kaleidoscopes  were  sold 
n  three  months  in  London  and  Paris ;  though  out  of  this  num- 
3er,  Dr.  Brewster  says,  not  perhaps  1000  were  constructed  upon 
icientific  principles,  or  were  capable  of  giving  any  thing  like  a 
correct  idea  of  the  power  of  his  kaleidoscope. 

THE  KALEIDOSCOPE  THOUGHT  TO  BE  ANTICIPATED. 

In  the  seventh  edition  of  a  work  on  gardening  and  plani- 
ng, published  m  1739,  by  Richard  Bradley,  F.R.S.,  late  Pro- 
cessor of  Botany  in  the  University  of  Cambridge,  we  find  the 
foUowing  details  of  an  invention,  "  by  which  the  best  de- 
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signers  and  draughtsmen  may  improve  and  help  their  fancies. 
They  must  choose  two  pieces  of  looking-glass  of  equal  bigness, 
of  the  figure  of  a  long  square.  These  must  be  covered  on  the 
back  with  paper  or  silk,  to  prevent  rubbing  off  the  silver.  This 
covering  must  be  so  put  on  that  nothing  of  it  appears  about  the 
edges  of  the  bright  side.  The  glasses  being  thus  prepared,  must 
be  laid  face  to.  face,  and  hinged  together  so  that  they  may  be 
made  to  open  and  shut  at  pleasure  like  the  leaves  of  a  book." 
After  showing  how  various  figures  are  to  be  looked  at  in  these 
glasses  under  the  same  opening,  and  how  the  same  figure  may 
be  va-ied  under  the  different  openings,  the  ingenious  artist  thus 
concludes:  "  If  it  should  happen  that  the  reader  has  any  num- 
ber of  plans  for  parterres  or  wildernesses  by  him,  he  may  by  this 
method  alter  them  at  his  pleasure,  and  produce  such  mnumer- 
able  varieties  as  it  is  not  possible  the  most  able  designer  could 
ever  have  contrived." 


MAGIC  OF  PHOTOGRAPHY. 

Professor  Moser  of  Konigsberg  has  discovered  that  all  bo- 
dies even  in  the  dark,  throw  out  invisible  rays ;  and  that  these 
bodies,  when  placed  at  a  small  distance  from  polished  surfaces 
of  all  kinds,  depict  themselves  upon  such  surfaces  in  forms 
which  remain  invisible  till  they  are  developed  by  the  Iiuman 
breath  or  by  the  vapours  of  mercury  or  iodine.  Even  if  the 
sun's  image  is  made  to  pass  over  a  plate  of  glass,  the  Ught 
tread  of  its  rays  will  leave  behind  it  an  invisible  track,  which 
the  human  breath  will  instantly  reveal. 

Among  the  early  attempts  to  take  pictures  by  rays  of  the  sun 
was  a  very  interesting  and  successful  experiment  made  by  Dr.  Thomas 
Y^uns  In  1802,  when  Mr.  Wedgewood  was  "  making  profiles  by  the 
arncy  of  light,"  and  Sir  Humphry  Davy  was  "copying  on  prepared 
mner  the  images  of  small  objects  produced  by  means  of  the  solar  micro- 
scope ''Dr.Yfuny  was  taking  photographs  upon  paper  dipped  m  a  so- 
luffi  of  nitrate  of  snver,  of  the  coloured  rings  o&served  by  Newton  ; 
and  his  experiments  cleariy  proved  that  the  agent  was  not  the  luminous 
ravs  in  theis  m's  light,  but  the  invisible  or  chemical  rays  beyond  the 
St     This  experiment  is  described  in  the  Bakenan  Lectm-e  1803 

NieDce  (says  Mr.  Hunt)  pursued  a  physical  mvestigation  of  the  cu- 
rious change,  and  found  that  all  bodies  were  influenced  by  this  principle 
nous  cnang^  n  ^e*  produced  eflfects  from  the  solar  pencil 

;trn?a°rSsf  JoTd  ap^^f  h  ;  a^d  Talbot  .and  others^^^^^^^^^^^ 
appUcation.    Herschel  took  up  the  mqmiy;  and  he,  with  his  usual 

.  some  time  ^^^,.^^11:'^^^^^^^ 

the  following  extract  from  John  t^f'^^^  "Strain 
pmdia  Ke<ropoa««na  appeared      ^  P"P"'"  ^^^'^^^^^  ^^^^^^^^^      over  with  a  solution 

[S  loUrcSpted  b.ins  th«  ib.dom  of  U,.  picture. 
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power  of  inductive  search  and  of  philosophical  deduction,  presented  the 
world  with  a  class  of  discoveries  which  showed  how  vast  a  held  of  inves- 
tigation was  opening  for  the  younger  races  of  mankind. 

The  first  attempts  in  photography,  which  were  made  at  the  insti- 

fation  of  M.  A.rago,  by  order  of  the  French  Government,  to  copy  the 
Igyptian  tombs  and  temples  and  the  remains  of  the  Aztecs  in  Central 
America,  were  failures.  Although  the  photographei-s  employed  suc- 
ceeded to  admiration,  in  Paris,  in  producing  pictures  iu  a  few  minutes, 
they  found  often  that  an  exposure  of  an  hour  was  insufficient  under  the 
bright  and  glowing  ilhimination  of  a  southern  sky. 

THE  BEST  SKY  FOR  PHOTOGRAPHY. 

Contrary  to  all  preconceived  ideas,  experience  proves  that 
the  brighter  the  sky  that  shines  above  the  camera  the  more 
tardy  the  action  within  it.  Italy  and  Malta  do  their  work 
slower  than  Paris.  Under  the  brilliant  light  of  a  Mexican  sun, 
half  an  hour  is  required  to  produce  effects  which  in  England 
would  occupy  but  a  minute.  In  the  burning  atmosphere  of 
India,  though  photographical  the  year  round,  the  process  is 
comparatively  slow  and  difficult  to  manage ;  while  in  the  clear, 
beautiful,  and  moreover  cool,  light  of  the  higher  Alps  of  Eu- 
rope, it  has  been  proved  that  the  production  of  a  picture  re- 
quires many  more  minutes,  even  with  the  most  sensitive  pre- 
parations, than  in  the  murky  atmosphere  of  London.  Upon 
the  whole,  the  temperate  skies  of  this  country  may  be  pro- 
nounced favourable  to  photographic  action ;  a  fact  for  which 
the  prevailing  characteristic  of  our  climate  may  partially  ac- 
count, humidity  being  an  indispensable  condition  for  the 
working  state  both  of  paper  and  chemicals. — Qtmrierly  Review, 
No.  202. 

PHOTOGRAPHIC  EFFECTS  OF  LIGHTNING. 

The  following  authenticated  instances  of  this  singular  phe- 
nomenon have  been  communicated  to  the  Royal  Society  by 
Andres  Poey,  Director  of  the  Observatory  at  Havana  : 

Benjamin  Franklin,  in  1786,  stated  that  about  twenty  years  previ- 
ous, a  man  who  was  standing  opposite  a  tree  that  had  just  been  struck 
"by  "  a  thimderbolt"  had  on  his  breast  an  exact  representation  of  that 
tree. 

In  the  New- York  Journal  of  Commerce,  August  26th,  1853,  it  is  re- 
lated that  "  a  little  girl  was  standing  at  a  window,  before  which  was  a 
young  maple-tree ;  after  a  brilliant  flash  of  lightning,  a  complete  image 
of  the  tree  was  found  imprinted  on  her  body." 

M.  Easpail  relates  that,  in  1855,  a  boy  having  climbed  a  tree  for 
the  purpose  of  robbing  a  bird's  nest,  the  tree  was  stinck,  and  the  boy 
.thrown  upon  the  ground  ;  on  his  breast  the  image  of  the  tree,  with  the 
bird  and  nest  on  one  of  its  branches,  appeared  very  plainly. 

M.  Olioli,  a  learned  Italian,  brought  before  the  Scientific  Congress 
at  Naples  the  following  four  instances  :  1.  In  September  1825,  the  fore- 
mast of  a  brigantine  in  the  Bay  of  St,  Arniro  was  struck  by  lightning, 
when  a  sailor  sitting  under  the  mast  was  struck  dead,  and  on  his  back 
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was  found  an  impression  of  a  horse-shoe,  similar  even  in  size  to  that 
fixed  on  the  mast-head.  2.  A  sailor,  standing  in  a  similar  position 
was  struck  by  lightning,  and  had  on  his  left  breast  the  impression  of  the 
number  4.4,  with  a  dot  between  the  two  figures,  just  as  they  appeared  at 
the  extremity  of  one  of  the  masts.  3.  On  the  9th  October  1836,  a  young 
man  was  found  struck  by  lightning ;  he  had  on  a  girdle,  with  some  gold 
coins  in  it,  which  were  imprinted  on  his  skin  in  the  order  they  were 
placed  in  the  girdle,— a  series  of  circles,  with  one  point  of  contact,  being 
plainly  visible.  4.  In  1847,  Mme.  Morosa,  an  Italian  lady  of  Lugano, 
was  sitting  near  a  window  during  a  thunderstorm,  and  perceived  the 
commotion,  but  felt  no  injury ;  but  a  flower  which  happened  to  be  in 
the  path  of  the  electric  current  was  perfectly  reproduced  on  one  of  her 
legs,  and  there  remained  permanently. 

M.  Poey  himself  witnessed  the  following  instance  in  Cuba.  On  July 
24th,  1852,  a  poplar-tree  in  a  coffee -plantation  was  struck  by  lightning, 
and  on  one  of  the  large  dry  leaves  was  found  an  exact  representation 
of  some  pine-trees  that  lay  367  yards  distant. 

M.  Poey  considers  these  lightning  impressions  to  have 
been  produced  in  the  same  manner  as  the  electric  images  ob- 
tained by  Moser,  Riess,  Karster,  Grove,  Fox  Talbot,  and  others, 
either  by  statical  or  dynamical  electricity  of  diflferent  intensi- 
ties. The  fact  that  impressions  are  made  through  the  gar- 
ments is  easily  accounted  for  by  their  rough  texture  not  pre- 
venting the  lightning  passing  through  them  with  the  impres- 
sion. To  corroborate  this  view,  M.  Poey  mentions  an  instance 
of  lightning  passing  down  a  chimney  into  a  trunk,  in  which 
was  found  an  inch  depth  of  soot,  which  must  have  passed 
through  the  wood  itself. 

PHOTOGRAPHIC  SURVEYING. 

During  the  summer  of  1854,  in  the  Baltic,  the  British 
steamers  employed  in  examining  the  enemy's  coasts  and  for- 
tifications took  photographic  views  for  reference  and  minute 
examination.  With  the  steamer  moving  at  the  rate  of  fifteen 
knots  an  hour,  the  most  perfect  definitions  of  coasts  and  bat- 
teries were  obtained.  Outlines  of  the  coasts,  correct  in  height 
and  distance,  have  been  faithfully  transcribed ;  and  all  details 
of  the  fortresses  passed  under  this  photographic  review  are  ac- 
curately recorded. 

It  is  curious  to  reflect  that  the  aids  to  photographic  development  all 
date  within  the  last  half-century,  and  are  but  little  older  than  photo- 
graphy itself.  It  was  not  until  1811  that  the  chemical  substance  called 
.odine,  on  wtdch  the  foundations  of  all  popular  photography  rest,  was 
discovered  at  all ;  bromine,  the  only  other  substance  equally  sensitive, 
not  till  1826.  The  invention  of  the  electro  process  was  about  simvil- 
taneous  with  that  of  photography  itself  Gutta-percha  only  just  pre- 
ceded the  substance  of  which  collodion  is  made  ;  the  ether  and  chloro- 
form, which  are  used  in  some  methods,  that  of  collodion.  We  say 
nothing  of  the  optical  improvements  previously  contrived  or  adapted 
for  the  purpose  of  the  photograph  :  the  achromatic  lenses,  which  cor- 
rect the  discrepancy  between  the  visual  and  chemical  foci ;  the  double 
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lenses,  whicli  increase  the  force  of  tlie  action ;  the  binocular  lenses, 
which  do  the  work  of  the  stereoscope  ;  nor  of  the  innumerable  other 
mechanical  aids  which  have  sprung  up  for  its  use. 

THE  STEREOSCOPE  AND  THE  PHOTOGRAPH. 

When  once  the  availability  of  one  great  primitive  agent 
is  worked  out,  it  is  easy  to  foresee  how  extensively  it  will  assist 
in  unravelling  other  secrets  in  natural  science.  The  simple 
principle  of  the  Stereoscope,  for  instance,  might  have  been 
discovered  a  century  ago,  for  the  reasoning  which  led  to  ic 
was  independent  of  all  the  properties  of  light ;  but  it  could 
never  have  been  illustrated,  far  less  multiplied  as  it  now  is, 
without  Photography.  A  few  diagrams,  of  suflficient  identity 
and  diflference  to  prove  the  truth  of  the  principle,  might  have 
been  constructed  by  hand,  for  the  gratification  of  a  few  sages ; 
but  no  artist,  it  is  to  be  hoped,  could  have  been  found  possessing 
the  requisite  ability  and  stupidity  to  execute  the  two  portraits, 
or  two  groups,  or  two  interiors,  or  two  landscapes,  identical  in 
every  minutia  of  the  most  elaborate  detail,  and  yet  dififering 
in  point  of  view  by  the  inch  between  the  two  human  eyes,  by 
which  the  principle  is  brought  to  the  level  of  any  capacity. 
Here,  therefore,  the  accuracy  and  insensibility  of  a  machine 
could  alone  avail ;  and  if  in  the  order  of  things  the  cheap  popu- 
lar toy  which  the  stereoscope  now  represents  was  necessary  for 
the  use  of  man,  the  photograph  was  first  necessary  for  the  ser- 
vice of  the  stereoscope. — Quarterly  Review,  No.  202. 

THE  STEREOSCOPE  SIMPLIFIED. 

When  we  look  at  any  round  object,  first  with  one  eye,  and 
then  with  the  other,  we  discover  that  with  the  right  eye  we 
see  most  of  the  right-hand  side  of  the  object,  and  with  the  left 
eye  most  of  the  left-hand  side.  These  two  images  are  combined, 
and  we  see  an  object  which  we  know  to  be  round,  ' 
_  This  is  illustrated  by  the  Stereoscope,  which  consists  of  two 
mirrors  placed  each  at  an  angle  of  45  deg.,  or  of  two  semi-lenses 
turned  with  their  curved  sides  towards  each  other.  To  view 
its  phenomena  two  pictures  are  obtained  by  the  camera  on  pho- 
tographic paper  of  any  object  in  two  positions,  corresponding 
with  the  conditions  of  viewing  it  with  the  two  eyes.  By  the 
mirrors  on  the  lonses  these  dissimilar  pictures  are  combined 
withm  the  eye,  and  the  vision  of  an  actually  solid  object  is 
^oduced  from  the  pictures  represented  on  a  plane  surface 
Hence  the  name  of  the  instrument,  which  signifies  Solid  I  see 
— BunVs  Poetry  of  Science. 

PHOTO-GALVANIC  ENGRAVING. 

That  which  was  the  chief  aid  of  Niepce  in  the  humblest 
«|awn  of  the  art,  viz.  to  transform  the  photographic  plate  into 


48  Things  not  generally  Known. 


a  surface  capable  of  being  printed,  is  in  the  above  process 
done  by  the  cooperation  of  Electricity  with  Photography.  This 
invention  of  M.  Pretsch,  of  Vienna,  differs  from  all  other 
attempts  for  the  same  purpose  in  not  operating  upon  the  pho- 
tographic tablet  itself,  and  by  discarding  the  usual  means  of 
varnishes  and  bitings-in.  The  process  is  simply  this  :  A  glass 
tablet  is  coated  with  gelatine  diluted  till  it  forms  a  jelly,  and 
containing  bi-chromate  of  potash,  nitrate  of  silver,  and  iodide 
of  potassium.  Upon  this,  when  dry,  is  placed  face  downwards 
a  paper  positive,  through  which  the  light,  being  allowed  to 
fall,  leaves  upon  the  gelatine  a  representation  of  the  print.  It 
is  then  soaked  in  water;  and  while  the  parts  acted  upon  by  the 
light  are  comparatively  unaffected  by  the  fluid,  the  remainder 
of  the  jelly  swells,  and  rising  above  the  general  surface,  gives 
a  picture  in  relief,  resembling  an  ordinary  engraving  upon 
wood.  Of  this  intaglio  a  cast  is  now  taken  in  gutta-percha, 
to  which  the  electro  process  in  copper  being  applied,  a  plate 
or  matrix  is  produced,  bearing  on  it  an  exact  repetition  of 
the  original  positive  picture.  All  that  now  remains  to  be  done 
is  to  repeat  the  electro  process ;  and  the  result  is  a  copper-plate 
in  the  necessary  relievo,  of  which  it  has  been  said  nature  fur- 
nished the  materials  and  science  the  artist,  the  inferior  work- 
man being  only  needed  to  roll  it  through  the  ^vQS^.—Qiuirterly 
Review,  No.  202. 

SCIENCE  OF  THE  SOAP-BTJBBLE. 

Few  of  the  minor  ingenuities  of  mankind  have  amused  so 
many  individuals  as  the  blowing  of  bubbles  with  soap-lather 
from  the  bowl  of  a  tobacco-pipe  ;  yet  how  few  who  in  child- 
hood's careless  hours  have  thus  amused  themselves,  have  in 
after-life  become  acquainted  with  the  beautiful  phenomena  of 
light  which  the  soap-bubble  will  enab  e  us  to  illustrate  ! 

Usually  the  bubble  is  formed  within  the  bowl  of  a  tobacco- 
pipe,  and  so  inflated  by  blowing  through  the  stem.  It  is  also 
p  oduced  by  introducing  a  capillary  tube  under  tlie.sm-face  of 
soapv  water,  and  so  raising  a  bubble,  which  may  be  inflated  to 
an/conveni'ent  size.  It  it  then  guarded  with  a  glass  cover  to 
pr  Jvent  its  bursting  by  currents  of  air,  evaporation,  and  other 


'''"'when  the  bubble  is  first  blown,  its  form  is  elliptical,  into 
whicL  it  is  drawn  by  its  gravity  being  --ted ;  but^^^^^^^^^^^^^ 
it  is  detached  from  the  pipe,  and  allowed  to  float  m  air,  it  oe 
comes  a  perfect  sphere,  since  the  air  within  presses  equally  m 
Tdirecfions  There  is  also  a  strong  cohesive  a  traction  in 
Se  mrticles  of  soap  and  water,  after  having  been  forcibly  dis- 
enTd  td'as  a  or  globe  f^^^^^ 

any  other  figure  of  equal  capacity,  it  is  of  all  forms  tne  Dest 
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adapted  to  the  closest  approximation  of  the  particles  of  soap 
and  water,  which  is  another  reason  why  the  bubble  is  globular. 
The  film  of  which  the  bubble  consists  is  inconceivably  thin 
(not  exceeding  the  two-millionth  part  of  an  inch) ;  and  by  the 
evaporation  from  its  surface,  the  contraction  and  expansion  of 
the  air  within,  and  the  tendency  of  the  soap-lather  to  gravitate 
.towards  the  lower  part  of  the  bubble,  and  consequently  to  ren- 
der the  upper  part  stiU  thinner,  it  follows  that  the  bubble  lasts 
but  a  few  seconds.  If,  however,  it  were  blown  in  a  glass  vessel, 
and  the  latter  immediately  closed,  it  might  remain  for  some 
time ;  Dr.  Paris  thus  preserved  a  bubble  for  a  considerable  period. 

Dr.  Hooke,  by  means  of  the  coloured  rings  upon  the  soap- 
bubble,  studied  the  curious  subject  of  the  colours  of  thin  plates, 
and  its  application  to  explain  the  colours  of  natural  bodies. 
Various  phenomena  were  also  discovered  by  Newton,  who  thus 
did  not  disdain  to  make  a  soap-bubble  the  object  of  his  study. 
The  colours  which  are  reflected  from  the  upper  surface  of  the 
bubble  are  caused  by  the  decomposition  of  the  light  which  falls 
upon  it ;  and  the  range  of  the  phenomena  is  alike  extensive  and 
beautiful.* 

Newton  (says  Sir  D.  Brewster),  having  covered  the  soap- 
bubble  with  a  glass  shade,  saw  its  colours  emerge  in  regular 
order,  like  so  many  concentric  rings  encompassing  the  top  of 
it.   As  the  bubble  grew  thinner  by  the  continual  subsidence 
of  the  water,  the  rings  dilated  slowly,  and  overspread  the  whole 
of  it,  descending  to  the  bottom,  where  they  vanished  succes- 
sively.   When  the  colours  had  all  emerged  from  the  top,  there 
arose  in  the  centre  of  the  rings  a  small  round  black  spot,  di- 
latmg  it  to  more  than  half  an  inch  in  breadth  till  the  bubble 
burst.    Upon  examining  the  rmgs  between  the  object-glasses, 
Newton  found  that  when  they  were  only  eiffht  or  nine  in  num- 
ber, more  than /or#y  could  be  seen  by  viewing  them  through  a 
prism  ;  and  even  when  the  plate  of  air  seemed  all  over  uni- 
formly white,  multitudes  of  rings  were  disclosed  by  the  prism 
By  means  of  these  observations  Newton  was  enabled  to  form 
his  Scale  of  Colours,  of  great  value  in  all  optical  researches. 
Dr.  Reade  has  thus  produced  a  permanent  soap-bubble : 
Put  into  a  six-ounce  phial  tw(.  ounces  of  distilled  water,  and  set 
the  phial  m  a  vessel  of  water  boiling  on  the  fire.   The  water  in  the 
phial  will  soon  boil,  and  steam  will  issue  from  its  mouth,  expelling  the 
^hole  of  the  atmosphenc  air  from  within.    Then  throw  in  a  piece  of 
soap  about  the  size  of  a  small  pea,  cork  the  phial,  and  at  the  same  In- 

•  In  his  book  on  Colours,  Mr.  Boyle  informs  us  that  divers,  if  not  all  essen 
^al  0,18.  as  also  spirits  of  wifie,  when  shaken.  "  have  a  good  store  of  bXleT 
«hxch  appear  adorned  with  various  and  lively  colours."  He  mentions  al^  that 
nubbles  of  soap  and  turpentine  exhibit  the  same  colours,  which '"vary  aSh.^ 
■X,  the  mcdence  of  the  sight  and  the  position  of  the  e^e;"  and  he  hai  seen  f 
^fl'i^  T.l"'  »''°\»'"bbles  of  glass  which  burst,  and  displayed ''  the  va^^^ 
wloura  of  the  rambow,  which  were  exceedingly  vivid."    ^  ^  varying 
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Btant  remove  it  and  the  vessel  from  the  fire.  Then  press  the  cork  fur- 
ther  into  the  neck  of  the  phial,  and  cover  it  thickly  with  sealmg- wax  ; 
and  when  the  contents  are  cold,  a  perfect  vacuum  will  be  formed  withm 
the  bottle —much  better,  indeed,  than  can  be  produced  by  the  best- 
constructed  air-pump.  ,  ,  .  ,  „  .  i.  .  >  i.  j  j 
To  form  a  bubble,  hold  the  bottle  horizontally  in  both  hands,  and 
rive  it  a  sudden  upward  motion,  which  wiU  throw  the  liquid  into  a  wave, 
whose  crest  touching  the  upper  interior  surface  of  the  P^ial  the  tena- 
city of  the  liquid  will  cause  a  film  to  be  retained  all  round  the  phial.  >.ext 
place  the  pMal  on  its  bottom ;  when  the  film  will  form  a  section  of  the 
cylinder,  being  nearly  but  never  qmte  horizontal  The  film  wiU  be  now 
cSSess,  since  it  reflects  all  the  light  which  falls  upon  it.  By  re- 
maining at  rest  for  a  minute  or  two,  noinute  currents  of  lather  will  de- 
scend  by  their  gravitating  force  down  the  mclined  plane  formed  by  the 
film  the  upper  part  of  which  thus  becomes  dramed  to  the  necessary 
thinness  ;  and  this  is  the  part  to  be  observed. 

Several  concentric  segments  of  coloured  rings  are  produced ; 
the  colours,  beginning  from  the  top,  being  as  foUows  : 
li<  order:  Black,  white,  yeUow,  orange,  red. 
2d  order  :  Purple,  blue,  white,  yellow,  red. 
Zd  order:  Purple,  blue,  green,  yeUowish-green,  white,  red. 
Uh  order :  Purple,  blue,  green,  white,  red. 
5<A  order :  Greenish-blue,  very  pale  red. 
Qth  order :  Greenish-blue,  pink. 
7tA  order :  Greenish-blue,  pink. 
As' the  segments  advance  they  get  broader,  whUe  the  be- 
comes thkiner  and  thinner.   The  several  orders  disappear  up- 
wards as^he  film  becomes  too  thin  to  reflect  their  colours 
unJfl  th  first  order  alone  remains,  occupying  the  whole  surfac^^ 
of  the  film.    Of  this  order  the  red  disappears  first,  then  the 
01  ,    ,    vellow.    The  film  is  now  divided  by  a 

Un  "fnVtw^S^^^^^^^^  one  bkck  and  the  other 

^h^te  This  remain^s  for  some  time ;  at  length  the  film  bej^^^^^ 
too  thin  to  hold  together,  and  then  vamshes.  The  colours  are 
not  fa  nt  and  imperfect,  but  well  defined,  glowing  with  gor- 

widow  lady,  who  -as  m-ch  PUzzl^^X^^^^^^^^  ^p„^, 
habits  of  the  philosopher    A.  Fe^^^  °J  mentioned  that  some.^ 

her  one  day,  when,  ^?^°P/,^«//d^5SJ^^^  S  who,  she  felt  certain,  was. 
one  had  come     reside  m  the  adjoming      ^.^^^^         diverts  himseli: 

a  poor  crazy  ge'^tl!'^*°?„„X%  'rv  morning,  when  the  sun  shmes  so> 
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ihe  intently  watches  floating  abont  till  they  burst.  He  is  doubtless,"  she 
added,  "  now  at  his  favourite  amusement,  for  it  is  a  fine  day ;  do  come 
and  look  at  him."  The  gentleman  smiled,  and  they  went  upstairs; 
'  when,  after  looking  through  the  staircase-window  into  the  adjoining 
court-yard,  he  turned  and  said :  "  My  dear  madam,  the  person  whom 
vou  suppose  to  be  a  poor  lunatic  is  no  other  than  the  great  Sir  Isaac 
^lewton  studying  the  refraction  of  light  upon  thin  plates;  a  phenomenon 
which  is  beautifully  exhibited  on  the  surface  of  a  common  soap-bubble." 

LIGHT  FEOM  QUARTZ, 

Among  natural  phenomena  (says  Sir  David  Brewster)  illus- 
trative of  the  colours  of  thin  plates,  we  find  none  more  remark- 
able than  one  exhibited  by  the  fracture  of  a  large  crystal  of 
quartz  of  a  smoky  colour,  and  about  two  and  a  quarter  inches 
iu  diameter.  The  surface  of  fracture,  in  place  of  being  a  face 
or  cleavage,  or  irregularly  conchoidal,  as  we  have  sometimes 
.seen  it,  was  filamentous,  like  a  surface  of  velvet,  and  consisted 
.i  of  short  fibres,  so  small  as  to  be  incapable  of  reflecting  light. 
Their  size  could  not  have  been  greater  than  the  third  of  the 
millionth  part  of  an  inch,  or  one-fourth  of  the  thinnest  part  of 
the  soap-bubble  when  it  exhibits  the  black  spot  where  it  "bursts. 

CAN  THE  CAT  SEE  IN  THE  DARK  1 

.  No,  in  all  probability,  says  the  reader;  but  the  opposite 
popular  belief  is  supported  by  eminent  naturalists. 

BufFon  says :  "  The  eyes  of  the  cat  shine  in  the  dark  somewhat  like 
diamonds,  which  throw  out  during  the  night  the  light  with  which  they 
were  in  a  manner  impregnated  diu-ing  the  day." 

Valmont  de  Bamare  says  :  "  The  pupil  of  the  cat  is  during  the  night 
still  deeply  imbued  with  the  light  of  the  day ;"  and  again,  "  the  eyes  of 
the  cat  are  during  the  night  so  imbued  with  light  that  they  then  appear 
very  shining  and  luminous." 

Spallanzani  says  :  "  The  eyes  of  cats,  polecats,  and  several  other  ani- 
mals, shine  in  the  dark  like  two  small  tapei-s;"  and  he  adds  that  this 
light  is  phosphoric. 

I'reviranus  says:  "The  eyes  of  the  cat  shine  where  no  rays  of  light 
penetrate;  and  the  light  must  in  many,  if  not  in  all,  cases  proceed  from 
the  eye  itself." 

Now,  that  the  eyes  of  the  cat  do  shine  in  the  dark  is  to  a 
certain  extent  true  :  but  we  have  to  inquire  whether  by  dark 
I  IS  meant  the  entire  absence  of  light ;  and  it  will  be  found  that 
I  the  solution  of  this  question  will  dispose  of  several  assertions 
J  and  theories  which  have  for  centuries  perplexed  the  subject. 
J  Dr.  Karl  Ludwig  Esser  has  published  in  Karsten's  Archives 
;  the  results  of  an  experimental  inquiry  on  the  luminous  appear- 
J  ance  of  the  eyes  of  the  cat  and  other  animals,  carefully  distin- 
[  gmshmg  such  as  evolve  light  from  those  which  only  reflect  it 
•  Having  brought  a  cat  into  a  half-darkened  room,  he  observed 
^  from  a  certam  direction  that  the  cat's  eyes,  when  02)posite  the 
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window,  sparkled  brilliantly ;  but  in  other  positions  the  light 
suddenly  vanished.  On  causing  the  cat  to  be  held  so  as  to  ex- 
hibit the  light,  and  then  gradually  darkening  the  room,  the 
light  disappeared  by  the  time  the  room  was  made  quite  dark. 

°  In  another  experiment,  a  cat  was  placed  opposite  the  win- 
dow in  a  darkened  room.  A  few  rays  were  permitted  to  enter, 
and  by  adjusting  the  light,  one  or  both  oi  the  cat's  eyes  were 
made  to  shine.  In  proportion  as  the  pupil  was  dilated,  the  eyes 
were  brilliant.  By  suddenly  admitting  a  strong  glare  of  light 
into  the  room,  the  pupil  contracted ;  and  then  suddenly  da,rk- 
ening  the  room,  the  eye  exhibited  a  small  round  luminous  point, 
which  enlarged  as  the  pupil  dilated. 

The  eyes  of  the  cat  sparkle  most  when  the  animal  is  in  a 
lurking  position,  or  in  a  state  of  irritation.  Indeed,  the  eyes 
of  all  animals,  as  well  as  of  man,  appear  brighter  when  in  rage 
than  in  a  quiescent  state,  which  Collins  has  commemorated  in 
his  Ode  on  the  Passions : 

"  Next  Anger  nished,  his  eyes  on  fire." 

This  brilliancy  is  said  to  arise  from  an  increased  secretion  of  the 
lachrymal  fluid  on  the  surface  of  the  eye,  by  which  the  re- 
flection of  the  light  is  increased.  Dr.  Esser,  in  places  absolutely 
dark,  never  discovered  the  slightest  trace  of  light  in  the  eye 
of  the  oat;  and  he  has  no  doubt  that  in  all  cases  where  cats' 
eyes  have  been  seen  to  shine  in  dark  places,  such  as  a  cellar, 
light  penetrated  through  some  window  or  aperture,  and  fell 
upon  the  eyes  of  the  animal  as  it  turned  towards  the  openmg, 
while  the  observer  was  favourably  situated  to  obtain  a  view  of 

the  reflection.  ^  j  j 

To  prove  more  clearly  that  this  light  does  not  depend  upon 
the  will  of  the  animal,  nor  upon  its  angiy  passions,  experiments 
were  made  upon  the  head  of  a  dead  cat.  The  sun's  rays  were 
admitted  through  a  small  aperture;  and  falhng  immediately 
upon  the  eyes,  caused  them  to  glow  with  a  beautiful  green  light 
more  vivid  even  than  in  the  case  of  a  living  animal,  on  account 
of  the  increased  dUatation  of  the  pupil.  It  was  also  remarked 
that  black  and  fox-coloured  cats  gave  a  brighter  light  than , 

grav  and  white  cats.  .  t>  -c^ 

To  ascertain  the  cause  of  this  luminous  appearance  Dr.  hs- 
ser  dissected  the  eyes  of  cats,  and  exposed  them  to  a  small  re-  ■ 
gulated  amount  of  light  after  having  removed  different  por- 
tions.  The  light  was  not  diminished  by  the  removal  of  the 
cornea,  but  only  changed  in  colour.  The  hght  stiU  con hnued 
after  the  iris  was  displaced ;  but  on  taking  away  the  crystalline 
kns  it  greatly  diminished  both  in  intensity  and  colour.  Dr 
Zer  then  coniectured  that  the  tapetum  in  the  hmder  part  of . 
The  eye  must  irm  a  spot  which  caused  the  reflection  of  the. 
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noident  rays  of  light,  and  thus  produce  the  shining ;  and  this 
ippeared  more  probable  as  the  light  of  the  eye  now  seemed  to 
smanate  from  a  single  spot.  Having  taken  away  the  vitreous 
lumour.  Dr.  Esser  observed  that  the  entire  want  of  the  pigment 
n  the  hinder  part  of  the  choroid  coat,  where  the  optic  nerve 
inters,  formed  a  greenish,  silver-coloured,  changeable  oblong 
pot,  which  was  not  symmetrical,  but  surrounded  the  optic 
lerve  so  that  the  greater  part  was  above  and  only  the  smaller 
>art  below  it ;  wherefore  the  greater  part  lay  beyond  the  axis 
>f  vision.  It  is  this  spot,  therefore,  that  produces  the  reflection 
►f  the  incident  rays  of  light,  and  beyond  all  doubt,  according 
0  its  tint,  contributes  to  the  different  colouring  of  the  light. 

It  may  be  as  well  to  explain  that  the  interior  of  the  eye  is 
mted  with  a  black  pigment,  which  has  the  same  effect  as  the 
ilack  colour  given  to  the  inner  surface  of  optical  instruments  : 
t  absorbs  any  rays  of  light  that  may  be  reflected  within  the  eye, 
nd  prevents  them  from  being  thrown  again  upon  the  retina 
0  as  to  interfere  with  the  distinctness  of  the  images  formed 
ipon  it.  _  The  retina  is  very  transparent ;  and  if  the  surface  be- 
lind  it,  instead  of  being  of  a  dark  colour,  were  capable  of  re- 
lecting  light,  the  luminous  rays  which  had  already  acted  on 
he  retina  would  be  reflected  back  again  through  it,  and  not 
inly  dazzle  from  excess  of  light,  but  also  confuse  and  render 
ndistinct  the  images  formed  on  the  retina.  Now  in  the  case 
if  the  cat  this  black  pigment,  or  a  portion  of  it,  is  wanting;  and 
hose  parts  of  the  eye  from  which  it  is  absent,  having  either  a 
vhite  or  a  metallic  lustre,  are  called  the  tapetum.  The  smaU- 
ist  portion  of  light  entering  from  it  is  reflected  as  by  a  concave 
airror;  and  hence  it  is  that  the  eyes  of  animals  provided  with 
his  structure  are  luminous  in  a  very  faint  light. 

These  experiments  and  observations  show  that  the  shining 
if  the  eyes  of  the  cat  does  not  arise  from  a  phosphoric  light 
lut  only  from  a  reflected  light  j  that  consequently  it  is  not  an 
ffect  of  the  will  of  the  animal,  or  of  violent  passions;  that 
heir  shining  does  not  appear  in  absolute  darkness ;  and  that 
t  cannot  enable  the  animal  to  move  securely  in  the  dark. 

It  has  been  proved  by  experiment  that  there  exists  a  set  of 
ays  of  light  of  far  higher  refrangibility  than  those  seen  in  the 
rdinary  Newtonian  spectrum.  Mr.  Hunt  considers  it  probable 
hat  these  highly  refrangible  rays,  although  under  ordinary 
ircumstances  invisible  to  the  human  eye,  may  be  adapted  to 
reduce  the  necessary  degree  of  excitement  upon  which  vision 
epends  in  the  optic  nerves  of  the  night-roaming  animals.  The 
at,  the  owl,  and  the  cat  may  see  in  the  gloom  of  the  night 
y  the  aid  of  rays  which  are  invisible  to,  or  inactive  on,  the 
yes  of  man  or  those  animals  which  require  the  light  of  dav 
)r  perfect  vision.  6 
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THE  GREAT  TRUTHS  OF  ASTRONOMY. 

The  difficulty  of  understanding  these  marvellous  truths  has 
been  glanced  at  by  an  old  divine  (see  Things  not  generally 
Known,  p.  1) ;  but  the  rarity  of  their  full  comprehension  by 
those  unskilled  in  mathematical  science  is  more  powerfully 
iirged  by  Lord  Brougham  in  these  cogent  terms  : 

Satisfying  himself  of  the  laws  which  regulate  the  mutual  actions  of 
the  planetary  bodies,  the  mathematician  can  convince  himself  of  a  truth 
yet  more  sublime  than  Newton's  discovery  of  gi-avitation,  though  flow- 
ing from  it ;  and  must  yield  his  assent  to  the  marvellous  position,  that 
all  the  irregularities  occasioned  in  the  system  of  the  universe  by  the 
mutual  attraction  of  its  members  are  periodical,  and  subject  to  an  eter- 
nal law,  which  prevents  them  from  ever  exceeding  a  stated  amount,  and 
secures  thi-ongh  all  time  the  balanced  sti-ucture  of  a  universe  composed 
of  bodies  whose  mighty  bulk  and  prodigious  swiftness  of  motion  mock 
the  utmost  efforts  of  the  human  imagination.  All  these  truths  are  to 
the  skilful  mathematician  as  thoroughly  known,  and  their  evidence  is  as 
clear,  as  the  simplest  proposition  of  arithmetic  to  common  understand- 
ings.' But  how  few  are  those  who  thus  know  and  comprehend  them  I 
Of  ail  the  millions  that  thoroughly  believe  these  truths,  certainly  not  a 
thousand  individuals  are  capable  of  following  even  any  considerable  por- 
tion of  the  demonstrations  upon  which  they  rest ;  and  probably  not  a 
hundred  now  living  have  ever  gone  through  the  whole  steps  of  these 
demoristraXwus— Dissertations  on  Subjects  of  Science  connected  with 
Natural  Theology,  vol.  ii. 

Sir  David  Brewster  thus  impressively  illustrates  the  same 
subject : 

Minds  fitted  and  prepared  for  this  species  of  inquiry  are  capable  of 
appreciating  the  great  variety  of  evidence  by  which  the  truths  of  the 
planetary  system  are  established ;  but  thousands  of  individua.ls,  and 
many  who  are  highly  distinguished  in  other  branches  of  knowledge,  are 
incapable  of  understanding  such  researches,  and  view  with  a  sceptical 
eve  the  great  and  irrefragable  ti-uths  of  astronomy. 

That  the  sun  is  stationary  in  the  centre  of  our  system ;  that  the  earth 
moves  round  the  sun,  and  round  its  own  axis ;  that  the  diameter  of 
the  earth  is  8000  mUes,  and  that  of  the  sun  one  hundred  and  ten  times 
TqZt;  that  the  earth's  orbit  is  190,000,000  of  miles  m  breadth  ;  and 
that  if  this  immense  space  were  filled  with  bght,  it  would  appear  on  y 
like  a  luminous  point  at  the  nearest  fixed  8tar,-are  positions  absolutely 
n^ntelligible  and  incredible  to  all  who  have  not  carefully  studied  the 
sXect.  To  millions  of  our  species,  then,  the  gi-eat  Book  of  Nature  is 
absolutely  sealed  ;  though  it  is  in  the  power  of  all  to  unfold  its  pages,  and 
to  penSe  those  glowing  passages  which  proclaim  the  power  and  wisdom 
of  its  Author. 
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ASTRONOMY  AND  DATES  ON  MONUMENTS. 

Astronomy  is  a  useful  aid  in  discovering  the  Dates  of  ancient 
Monuments.  Thus,  on  the  ceiling  of  a  portico  among  the  ruins 
of  Tentyris  are  the  twelve  signs  of  the  Zodiac,  placed  according 
to  the  apparent  motion  of  the  sun.  According  to  this  Zodiac, 
the  summer  solstice  is  in  Leo ;  from  which  it  is  easy  to  com- 
pute, by  the  precession  of  the  equinoxes  of  50"*  1  annually,  that 
the  Zodiac  of  Tentyris  must  have  been  made  4000  years  ago. 

Mrs.  Somerville  relates  that  she  once  witnessed  the  ascer- 
tainment of  the  date  of  a  Papyrus  by  means  of  astronomy.  The 
manuscript  was  found  in  Egypt,  in  a  mummy-case ;  and  its  an- 
tiquity was  determined  by  the  configuration  of  the  heavens  at 
the  time  of  its  construction.  It  proved  to  be  a  horoscope  of  the 
time  of  Ptolemy. 

"  THE  CRYSTAL  VAULT  OF  HEAVEN," 

This  poetic  designation  dates  back  as  far  as  the  early  period 
of  Anaximenes ;  but  the  first  clearly  defined  signification  of  the 
Idea  on  which  the  term  is  based  occurs  in  Empedocles.  This 
philosopher  regarded  the  heaven  of  the  fixed  stars  as  a  solid 
mass,  formed  from  the  ether  which  had  been  rendered  crystal- 
line by  the  action  of  fire. 

In  the  Middle  Ages,  the  fathers  of  the  Church  believed  the 
firmament  to  consist  of  from  seven  to  ten  glassy  strata,  incas- 
ing each  other  like  the  different  coatings  of  an  onion.  This 
supposition  still  keeps  its  ground  in  some  of  the  monasteries  of 
southern  Europe,  where  Humboldt  was  greatly  surprised  to 
hear  a  venerable  prelate  express  an  opinion  in  reference  to  the 
fall  of  aerolites  at  Aigle,  that  the  bodies  we  called  meteoric 
stones  with  vitrified  crusts  were  not  portions  of  the  fallen  stone 
itself,  but  simply  fragments  of  the  crystal  vault  shattered  by  it 
in  its  fall. 

Empedocles  maintained  that  the  fixed  stars  were  riveted  to 
the  crystal  heavens  ;  but  that  the  planets  were  free  and  uncon- 
strained.   It  is  diflScult  to  conceive  how,  according  to  Plato  in 
the  TimcBus,  the  fixed  stars,  riveted  as  they  are  to  solid  spheres 
could  rotate  independently.  ' 

Among  the  ancient  views,  it  may  be  mentioned  that  the 
equal  distance  at  which  the  stars  remained,  while  the  whole  vault 
of  heaven  seemed  to  move  from  east  to  west,  had  led  to  the 
idea  of  a  firmament  and  a  solid  crystal  sphere,  in  which  An- 
aximenes (who  was  probably  not  much  later  than  Pythagoras) 
had  conjectured  that  the  stars  were  riveted  like  nails. 

MUSIC  OF  THE  SPHERES. 

The  Pythagoreans,  in  applying  their  theory  of  numbers  to 
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the  geometrical  consideration  of  the  five  regular  bodies,  to  the 
musical  intervals  of  tone  which  determine  a  word  and  form 
different  kinds  of  sounds,  extended  it  even  to  the  system  of 
the  universe  itself;  supposing  that  the  moving,  and,  as  it  were, 
vibrating  planets,  exciting  sound-waves,  must  produce  a  spheral 
music,  according  to  the  harmonic  relations  of  their  intervals  of 
space.  "  This  music,"  they  add,  *'  would  be  perceived  by  the 
human  ear,  if  it  was  not  rendered  insensible  by  extreme  famili- 
arity, as  it  is  perpetual,  and  men  are  accustomed  to  it  from 
childhood." 

The  Pythagoreans  affirm,  in  order  to  justify  the  reality  of  the  tones 
produced  by  the  revolution  of  the  spheres,  that  hearing  takes  place  only 
where  there  is  an  alternation  of  sound  and  silence.  The  inaudibility  of 
the  spheral  music  is  also  accounted  for  by  its  overpowering  the  senses. 
Aristotle  himself  calls  the  Pythagorean  tone-myth  pleasing  and  ingeni- 
ous, but  untrue. 

Plato  attempted  to  illustrate  the  tones  of  the  universe  in  an 
agreeable  picture,  by  attributing  to  each  of  the  planetary  spheres 
a  syren,  who,  supported  by  the  stem  daughters  of  Necessity, 
the  three  Fates,  maintain  the  eternal  revolution  of  the  world's 
axis.  Mention  is  constantly  made  of  the  harmony  of  the 
spheres,  though  generally  reproachfully,  throughout  the  writ- 
ings of  Christian  antiquity  and  the  Middle  Ages,  from  Basil  the 
Great  to  Thomas  Aquinas  and  Petrus  AUiacus. 

At  the  close  of  the  sixteenth  century,  Kepler  revived  these 
musical  ideas,  and  sought  to  trace  out  the  analogies  between 
the  relations  of  tone  and  the  distances  of  the  planets ;  and  Tycho 
Brahe  was  of  opinion  that  the  revolving  conical  bodies  were 
capable  of  vibrating  the  celestial  air  (what  we  nowcaU  "resist- 
ing medium")  so  as  to  produce  tones.  Yet  Kepler,  although  he 
had  talked  of  Venus  and  the  Earth  sounding  sharp  in  aphelion 
and  flat  in  perihelion,  and  the  highest  tone  of  Jupiter  and  that 
of  Venus  coinciding  in  flat  accord,  positively  declared  there 
to  be  "  no  such  things  as  sounds  among  the  heavenly  bodies, 
Dor  is  their  motion  so  turbulent  as  to  elicit  noise  from  the  attri- 
tion of  the  celestial  air,"  (See  Things  not  generally  Known,^.  44.) 

"  MORE  WORLDS  THAN  ONE." 

Although  this  opinion  was  maintained  incidentally  by  va- 
rious writers  both  on  astronomy*  and  natural  religion,  yet  M, 

•  The  original  idea  is  even  attributed  to  Copemicns.  M.  Blundevile,  in  his 
Treatise  on  Ootmography,  1594,  has  the  following  passage,  perhaps  the  most  dis- 
tinct recognition  of  authority  in  our  language:  "  How  prooue  (prove)  you  that 
there  is  but  one  world  ?  By  the  authoritie  of  Aristotle,  who  saieth  that  if  there 
were  any  other  world  out  of  this,  then  the  earth  of  that  world  would  mooue 
(move)  towards  the  centre  of  this  world,"  &c.  ,    .   ^  ,,  ,wv 

Sir  Isaac  Newton,  in  a  conversation  with  Conduitt,  said  he  took  all  tne 
planets  to  be  composed  of  the  same  matter  with  tb»  earth,  viz.  earth,  water,  and 
■tone,  but  variously  concocted." 
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Fontenelle  was  the  first  individual  who  wrote  a  treatise  on  the 
Plurality  of  Worlds,  which  appeared  in  1685,  the  year  before  the 
publication  of  Newton's  Pri'wajoia.  Fontenelle's  work  consists 
of  five  chapters:  1.  The  earth  is  a  planet  which  turns  round 
its  axis,  and  also  round  the  sun.  2,  The  moon  is  a  habitable 
world.  3.  Particulars  concerning  the  world  in  the  moon,  and 
that  the  other  planets  are  also  inhabited.  4.  Particulars  of  the 
worlds  of  Venus,  Mercury,  Mars,  Jupiter,  and  Saturn.  5.  The 
fixed  stars  are  as  many  suns,  each  of  which  illuminates  a  world. 
In  a  future  edition,  1719,  Fontenelle  added,  6.  New  thoughts 
which  confirm  those  in  the  preceding  conversations,  and  the 
latest  discoveries  which  have  been  made  in  the  heavens.  The 
next  work  on  the  subject  was  the  Theory  of  the  Universe,  or 
Conjectures  concerning  the  Celestial  Bodies  and  their  Inhabitants, 
1698,  by  Christian  Huygens,  the  contemporary  of  Newton. 

The  doctrine  is  maintained  by  almost  all  the  distinguished 
astronomers  and  writers  who  have  flourished  since  the  true 
figure  of  the  earth  was  determined.  Giordano  Bruna  of  Nola, 
Kepler,  and  Tycho  Brahe,  believed  in  it;  and  Cardinal  Cusa 
and  Bruno,  before  the  discovery  of  binary  systems  among  the 
stars,  believed  also  that  the  stars  were  inhabited.  Sir  Isaac 
Newton  likewise  adopted  the  belief;  and  Dr.  Bentley,  Master 
of  Trinity  College,  Cambridge,  in  his  eighth  sermon  on  the  Con- 
futation of  Atheism  from  the  origin  and  frame  of  the  world, 
has  ably  maintained  the  same  doctrine.  In  our  own  day  we 
may  number  among  its  supporters  the  distinguished  names  of 
the  Marquis  de  la  Place,  Sir  William  and  Sir  John  Herschel, 
Dr.  Chalmers,  Isaac  Taylor,  and  M.  Arago.  Dr.  Chalmers  main- 
tains the  doctrine  in  his  Astronomical  Discourses,  which  one 
Alexander  Maxwell  (who  did  not  believe  in  the  grand  truths  of 
astronomy)  attempted  to  controvert,  in  1820,  in  a  chapter  of  a 
volume  entitled  Plurality  of  Worlds. 

Next  appeared  Of  a  Plurality  of  Worlds,  attributed  to  the 
Rev.  Dr.Whewell,  Master  of  Trinity  College,  Cambridge ;  urging 
the  theological  not  less  than  the  scientific  reasons  for  believing 
in  the  old  tradition  of  a  single  world,  and  maintaining  that  "  the 
earth  is  really  the  largest  planetary  body  in  the  solar  system, — 
its  domestic  hearth,  and  the  only  world  in  the  universe."  "  I 
do  not  pretend,"  says  Dr.  Whewell,  "  to  disprove  the  plurality  of 
worlds ;  but  I  ask  in  vain  for  any  argument  which  makes  the 
doctnne  probable."  "  It  is  too  remote  from  knowledge  to  be 
either  proved  or  disproved."  Sir  David  Brewster  has  replied 
to  Dr.  Whewell's  Essay,  in  More  Worlds  than  One,  the  Creed 
of  the  Philosopher  and  the  Hope  of  the  Christian,  emphatically 
mamtaining  that  analogy  strongly  countehances  the  idea  of  all 
the  solar  planets,  if  not  all  worlds  in  the  universe,  being  peo- 
pled with  creatures  not  dissimilar  in  being  and  nature  to  the 
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inhabitants  of  the  earth.  This  view  is  supported  in  Scientific 
Certainties  of  Planetary  Life,  by  T.  C.  Simoti,  who  well  treats  one 
point  of  the  argument— that  mere  distance  of  the  planets  from 
the  central  sun  does  not  determine  the  condition  as  to  light 
and  heat,  but  that  the  density  of  the  ethereal  medium  enters 
largely  into  the  calculation.  Mr.  Simon's  general  conclusion  is, 
that  "  neither  on  account  of  deficient  or  excessive  heat,  nor  with 
regard  to  the  density  of  the  materials,  nor  with  regard  to  the  force 
of  gravity  on  the  surface,  is  there  the  slightest  pretext  for  sup- 
posing that  all  the  planets  of  our  system  are  not  inhabited  by 
intellectual  creatures  with  animal  bodies  like  ourselves, — moral 
beings,  who  know  and  love  their  great  Maker,  and  who  wait, 
like  the  rest  of  His  creation,  upon  His  providence  and  upon  His 
care. "  One  of  the  leading  points  of  Dr.  Whewell's  Essay  is,  that 
we  should  not  elevate  the  conjectures  of  analogy  into  the  rank 
of  scientific  certainties;  and  that  "  the  force  of  all  the  presump- 
tions drawn  from  physical  reasoning  for  the  opinion  of  planets 
and  stars  being  either  inhabited  or  uninhabited  is  so  small,  that 
the  belief  of  all  thoughtful  persons  on  this  subject  will  be  deter- 
mined by  moral,  metaphysical,  and  theological  considerations." 

WORLDS  TO  COME — ABODES  OF  THE  BLEST. 

Sir  David  Brewster,  in  his  eloquent  advocacy  of  the  doc- 
trine of  "  more  worlds  than  one,"  thus  argues  for  their  peo- 
pling : 

Man,  in  his  future  state  of  existence,  is  to  consist,  as  at  present, 
of  a  spiritual  nature  residing  in  a  corporeal  frame.  He  must  live,  there- 
fore, upon  a  material  planet,  subject  to  all  the  laws  of  matter,  and  per- 
forming functions  for  which  a  material  body  is  indispensable.  We  must 
consequently  find  for  the  race  of  Adam,  if  not  races  that  may  have 
preceded  him,  a  material  liome  upon  which  they  may  reside,  or  by 
which  they  may  traTel,  by  means  unknovrn  to  us,  to  other  localities  in 
the  universe.  At  the  present  hour,  the  inhabitants  of  the  earth  are  nearly 
a  thousand  millions;  and  by  whatever  process  we  may  compute  the 
numbers  that  have  existed  before  the  present  generation,  and  estimate 
those  that  are  yet  to  inherit  the  earth,  we  shall  obtain  a  population 
which  the  habitable  parts  of  our  globe  could  not  possibly  accommodate. 
If  there  is  not  room,  then,  on  our  earth  for  the  millions  of  millions 
of  beings  who  have  lived  and  died  upon  its  surface,  and  who  may  yet 
live  and  die  during  the  period  fixed  for  its  occupation  by  man,  we  can 
scarcely  doubt  that  their  future  abode  must  be  on  some  of  the  primary 
or  secondary  planets  of  the  solar  system,  whose  inhabitants  have  cea-sed 
to  exist  like  those  on  the  earth,  or  upon  planets  in  our  own  or  in  other 
systems  which  have  been  in  a  state  of  preparation,  as  our  earth  was, 
for  the  advent  of  intellectual  life. 

*'  GAUGING  THE  HEAVENS." 

Sir  William  Herschel,  in  1785,  conceived  the  happy  idea 
of  counting  the  number  of  stars  which  passed  at  different 
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heights  and  in  various  directions  over  the  field  of  view,  of  fif- 
*  teen  minutes  in  diameter,  of  his  twenty-feet  reflecting  tele- 
scope. The  field  of  view  each  time  embraced  only  ssaVoath  of 
the  whole  heavens ;  and  it  would  therefore  require,  according 
to  Struve,  eighty-three  years  to  gauge  the  whole  sphere  by  a 
similar  process. 

VELOCITY  OF  THE  SOLAR  SYSTEM. 

M.  F.  W.  G.  Struve  gives  as  the  splendid  result  of  the 
united  studies  of  MM.  Argelander,  0.  Struve,  and  Peters, 
grounded  on  observations  made  at  the  three  Russian  observa- 
tories of  Dorpat,  Abo,  and  Pulkowa,  ' '  that  the  velocity  of  the 
motion  of  the  solar  system  in  space  is  such  that  the  sun,  with 
all  the  bodies  which  depend  upon  it,  advances  annually  to- 
wards the  constellation  Hercules*  1'623  times  the  radius  of  the 
earth's  orbit,  or  33,550,000  geographical  miles.  The  possible 
error  of  this  last  number  amounts  to  1,733,000  geographical 
miles,  or  to  a  sevmth  of  the  whole  value.  We  may,  then,  wager 
400,000  to  1  that  the  sun  has  a  proper  progressive  motion,  and 
1  to  1  that  it  is  comprised  between  the  limits  of  thirty-eight 
and  twenty-nine  millions  of  geographical  miles." 

That  is,  taking  95,000,000  of  English  miles  as  the  mean  radius  of 
the  Earth's  orbit,  we  have  95  + 1-623  =  154-185  millions  of  miles;  and 
consequently, 

English  Miles. 

The  velocity  of  the  Solar  System    .   154,185,000  in  the  year. 
),  ,,  ....         422,424  in  a  day. 

t>  i,  ....  17,601  in  an  hour. 

»  »  ....  293  in  a  minute. 

»  }>  ....  57  in  a  second. 

The  Sun  and  all  his  planets,  primary  and  secondary,  are  therefore  now 
in  rapid  motion  round  an  invisible  focus.  To  that  now  dark  and  mys- 
terious centre,  from  which  no  ray,  however  feeble,  shines,  we  may  in 
another  age  point  our  telescopes,  detecting  perchance  the  great  lu- 
minary wluch  controls  our  system  and  bounds  its  path  :  into  that  vast 
orbit  man,  during  the  whole  cycle  of  his  race,  may  never  be  allowed  to 
roimd. — North-BHtish  Review,  No.  16. 

NATURE  OF  THE  SUN. 

M.  Arago  has  found,  by  experiments  with  the  polariscope, 
that  the  light  of  gaseous  bodies  is  natural  light  when  it  issues 
from  the  burning  surface  ;  although  this  circumstance  does  not 
prevent  its  subsequent  complete  polarisation,  if  subjected  to 

•  Sir  William  Herschel  ascertained  that  our  solar  system  is  advancing  to- 
wards the  constellation  Hercules,  or  more  accurately  to  a  point  in  space  whose 
right  ascension  is  245°  52'  30",  and  north  polar  distance  40°  22':  and  that  the 
quantity  of  tliis  motion  is  such,  that  to  an  astronomer  placed  in  Sirius,  our  sun 
would  appear  to  describe  an  arc  of  little  more  than  a  second  every  year  —North- 
Britith  Eevitw,  No.  3.  j  j  • 
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suitable  reflections  or  refractions.  Hence  we  obtain  a  most 
simple  method  of  discovering  the  nature  of  the  sun  at  a  distance 
of  forty  millions  of  leagues.  For  if  the  light  emanating  from 
the  margin  of  the  sun,  and  radiating  from  the  solar  substance 
at  an  acute  angle,  reach  us  without  having  experienced  any 
sensible  reflections  or  refractions  in  its  passage  to  the  earth, 
and  if  it  ofi"er  traces  of  polarisation,  the  sun  must  be  a  solid  or 
a  liquid  body.  But  if,  on  the  contrary,  the  light  emanating 
from  the  sun's  margin  give  no  indications  of  polarisation,  the 
incandescent  portion  of  the  sun  must  be  gaseous.  It  is  by  means 
of  such  a  methodical  sequence  of  observations  that  we  may 
acquire  exact  ideas  regarding  the  physical  constitution  of  the 
sun. — Note  to  Humboldt's  Cotmos,  vol.  iii. 

STEUCTUEE  OF  THE  LUMINOUS  DISC  OF  THE  SUN. 

The  extraordinary  structure  of  the  fidly  luminous  Disc  of 
the  Sun,  as  seen  through  Sir  James  South's  great  achromatic, 
in  a  drawing  made  by  Mr.  Gwilt,  resembles  compressed  curd, 
or  white  almond -soap,  or  a  mass  of  asbestos  fibres,  lying  in 
a  qvaqvMversus  direction,  and  compressed  into  a  solid  mass. 
There  can  be  no  illusion  in  this  phenomenon ;  it  is  seen  by 
every  person  with  good  vision,  and  on  every  part  of  the  sun's 
luminous  surface  or  envelope,  which  is  thus  shown  to  be  not 
a  flame,  but  a  soft  solid  or  thick  Auid,  maintained  in  an  incan- 
descent state  by  subjacent  heat,  capable  of  being  disturbed  by 
differences  of  temperature,  and  broken  up  as  we  see  it  when 
the  sun  is  covered  with  spots  or  openings  in  the  luminous 
matter. — North- British  Review,  No.  16. 

Copernicus  named  the  sun  the  lantern  of  the  world  {lucerna  mundi); 
and  Theon  of  Smyrna  called  it  the  heart  of  the  uniTerse.  The  mass  of 
the  sun  is,  according  to  Encke's  calculation  of  Sabine's  pendulum  for- 
mula, 359,551  times  that  of  the  earth,  or  355,499  times  that  of  the  earth 
and  modn  together  ;  whence  the  density  of  the  sun  is  only  about  J  (or 
more  accurately  0'252)  that  of  the  earth.  The  volume  of  the  sun  ia 
600  times  greater,  and  its  mass,  according  to  Galle,  738  times  greater, 
than  that  of  all  the  planets  combined.  It  may  assist  the  mind  in  con- 
ceiving a  sensuous  image  of  the  magnitude  of  the  sun,  if  we  remember 
that  if  the  solar  sphere  were  entirely  hollowed  out,  and  the  earth  placed 
in  its  centre,  there  woxild  still  be  room  enough  for  the  moon  to  describe 
its  orbit,  even  if  the  radius  of  the  latter  were  increased  160,000  geo- 
graphical miles.  A  railway-engine,  moving  at  the  rate  of  thirty  miles 
an  hour,  would  require  360  years  to  travel  from  the  earth  to  the  sun. 
The  diameter  of  the  sun  is  rather  more  than  one  hxmdred  and  eleven 
times  the  diameter  of  the  earth.  Therefore  the  volume  or  bulk  of  the 
sun  must  be  nearly  one  million  four  hundred  thousand  times  that  of  the 
earth.  Lastly,  if  all  the  bodies  composing  the  solar  system  were  formed 
into  one  globe,  it  would  be  only  about  the  five-hundredth  part  of  the 
size  of  the  sun. 
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GREAT  SIZE  OF  THE  SDN  ON  THE  HORIZON  EXPLAINED. 

The  dilated  size  (generally)  of  the  Sun  or  Moon,  when  seen 
near  the  horizon,  beyond  what  they  appear  to  have  when  high 
up  in  the  sky,  has  nothing  to  do  with  refraction.  It  is  an  illu- 
sion of  the  judgment,  arising  from  the  terrestrial  objects  inter- 
posed, or  placed  in  close  comparison  with  them.  In  that  situ- 
ation we  view  and  judge  of  them  as  we  do  of  terrestrial  objects 
— in  detail,  and  with  an  acquired  attention  to  parts.  Aloft  we 
have  no  association  to  guide  us,  and  their  insulation  in  the 
expanse  of  the  sky  leads  us  rather  to  undervalue  than  to  over- 
rate their  apparent  magnitudes.  Actual  measurement  with  a 
proper  instrument  corrects  our  error,  without,  however,  dis- 
pelling our  illusion.  By  this  we  learn  that  the  sun,  when  just 
on  the  horizon,  subtends  at  our  eyes  almost  exactly  the  same, 
and  the  moon  a  materially  less,  angle  than  when  seen  at  a 
greater  altitude  in  the  sky,  owing  to  its  greater  distance  from 
us  in  the  former  situation,  as  compared  with  the  latter. — Sir 
John  HerscheVs  OiUlines. 

TRANSLATORY  MOTION  OF  THE  SUN. 

This  phenomenon  is  the  progressive  motion  of  the  centre 
of  gravity  of  the  whole  solar  system  in  universal  space.  Its 
velocity,  according  to  Bessel,  is  probably  four  millions  of  miles 
daily,  in  a  relative  velocity  to  that  of  61  Cygni  of  at  least 
3,336,000  miles,  or  more  than  double  the  velocity  of  the  revolu- 
tion of  the  earth  in  her  orbit  round  the  sun.  This  change  of  the 
entire  solar  system  would  remain  unknown  to  us,  if  the  ad- 
mirable exactness  of  our  astronomical  instruments  of  measure- 
ment, and  the  advancement  recently  made  in  the  art  of  ob- 
serving, did  not  cause  our  progress  towards  remote  stars  to  be 
perceptible,  like  an  approximation  to  the  objects  of  a  distant 
shore  in  apparent  motion.  The  proper  motion  of  the  star  61 
Cygni,  for  instance,  is  so  considerable,  that  it  has  amounted 
to  a  whole  degree  in  the  course  of  700  years. — Humboldt's  Cos- 
mos, vol.  i. 

THE  sun's  light  COMPARED  WITH  TERRESTRIAL  LIGHTS. 

Mr.  Ponton  has  by  means  of  a  simple  monochromatic  pho- 
tometer ascertained  that  a  small  surface,  illuminated  by  mean 
solar  light,  is  444  times  brighter  than  when  it  is  illuminated  by 
a  moderator  lamp,  and  1660  times  brighter  than  when  it  is 
illuminated  by  a  wax-candle  (short  six  in  the  lb.) — the  artifi- 
cial light  being  in  both  instances  placed  at  two  inches'  distance 
from  the  illuminated  surface.    And  three  electric  lights,  each 
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equal  to  620  wax-candles,  will  render  a  small  surface  as  bright 
as  when  it  is  ilhiminated  by  mean  sunshine. 

It  is  thence  inferred,  that  a  stratum  occupying  the  entire 
surface  of  the  sphere  of  which  the  earth's  distance  from  the 
sun  is  the  radius,  and  consisting  of  three  layers  of  flame,  each 
TcWth  of  an  inch  in  thickness,  each  possessing  a  brightness 
equal  to  that  of  such  an  electric  light,  and  all  three  embraced 
within  a  thickness  of  y^th  of  an  inch,  would  give  an  amount 
of  illumination  equal  in  quantity  and  intensity  to  that  of  the 
sun  at  the  distance  of  95  millions  of  miles  from  his  centre. 

And  were  such  a  stratum  transferred  to  the  surface  of  the 
sun,  where  it  would  occupy  46,275  times  less  area,  its  thick- 
ness would  be  increased  to  94  feet,  and  it  would  embrace 
138,825  layers  of  flame,  equal  in  brightness  to  the  electric  light ; 
but  the  same  eflFect  might  be  produced  by  a  stratum  about 
nine  miles  in  thickness,  embracing  72  millions  of  layers,  each 
having  only  a  brightness  equal  to  that  of  a  wax-candle.* 


ACTINIC  POWER  OF  THE  SUN. 

Mr.  J.  J.  Waterston,  in  1857,  made  at  Bombay  some  ex- 
periments on  the  photographic  power  of  the  sun's  direct  light, 
to  obtain  data  in  an  inquiry  as  to  the  possibility  of  measuring 
the  diameter  of  the  sun  to  a  very  minute  fraction  of  a  second, 
by  combining  photography  with  the  principle  of  the  electric 
telegraph ;  the  first  to  measure  the  element  space,  the  latter 
the  element  time.  The  result  is  that  about  ^^hroth.  of  a  se- 
cond is  suflScient  exposure  to  the  direct  light  of  the  sun  to 
obtain  a  distinct  mark  on  a  sensitive  collodion  plate,  when 
developed  by  the  usual  processes ;  and  the  duration  of  the 
sun's  full  action  on  any  one  point  is  about  ^^th  of  a  second. 

M.  Schatt,  a  young  painter  of  Berlin,  after  1500  experi- 
ments, succeeded  in  establishing  a  scale  of  all  the  shades  of 
black  which  the  action  of  the  sun  produces  on  photographic 
paper  ;  so  that  by  comparing  the  shade  obtained  at  any  given 
moment  on  a  certain  papei'  with  that  indicated  on  the  scale, 
the  exact  force  of  the  sun's  light  may  be  determined. 

HEATING  POWER  OF  THE  SUN. 

All  moving  power  has  its  origin  in  the  rays  of  the  sun. 
Whil«  Stephenson's  iron  tubular  railway-bridge  over  the  Menai 
Straits,  400  feet  long,  bends  but  half  an  inch  under  the  hea- 
viest pressure  of  a  train,  it  will  bend  up  an  inch  and  a  half 
from  its  usual  horizontal  line  when  the  sun  shines  on  it  for 


•  See  M.  Arago's  researches  upon  this  interesting  subject,  in  Things  not  gener- 
oUy  Known,  p.  4. 
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some  hours.  The  Bunker-Hill  monument,  near  Boston,  U.S., 
is  higher  in  the  evening  than  in  the  morning  of  a  sunny  day  ; 
the  little  sunbeams  enter  the  pores  of  the  stone  like  so  many 
■wedges,  lifting  it  up.  ,  ^  • 

In  winter,  the  Earth  is  nearer  the  Sun  by  about  than  in 
summer ;  but  the  rays  strike  the  northern  hemisphere  more 
obliquely  in  wmter  than  the  other  half  year. 

M.  Pouillet  has  estimated,  with  singular  ingenuity,  frona  a 
series  of  observations  made  by  himself,  that  the  whole  quantity 
of  heat  which  the  Earth  receives  annually  from  the  Sun  is 
such  as  would  be  sufficient  to  melt  a  stratum  of  ice  covering 
the  entire  globe  forty-six  feet  deep. 

By  the  action  of  the  sun's  rays  upon  the  earth,  vegetables, 
animals,  and  man,  are  in  their  turn  supported ;  the  rays  be- 
come likewise,  as  it  were,  a  store  of  heat,  and  "  the  sources  of 
those  great  deposits  of  dynamical  efficiency  which  are  laid  up 
for  human  use  in  our  coal  strata"  (Herschel). 

A  remarkable  instance  of  the  power  of  the  sun's  rays  is  re- 
corded at  Stonehouse  Point,  Devon,  in  the  year  1828.  To  lay 
the  foundation  of  a  sea-wall  the  workmen  had  to  descend  in  a 
diving-bell,  which  was  fitted  with  convex  glasses  in  the  upper 
part,  by  which,  on  several  occasions  in  clear  weather,  the  sun's 
rays  were  so  concentrated  as  to  burn  the  labourers'  clothes 
■when  opposed  to  the  focal  point,  and  this  when  the  bell  was 
twenty- five  feet  under  the  surface  of  the  water ! 

CAUSE  OF  DAEK  COLOUR  OF  THE  SKIN. 

Darkness  of  complexion  has  been  attributed  to  the  sun's 
power  from  the  age  of  Solomon  to  this  day, — "Look  not  upon 
me,  because  I  am  black,  because  the  sun  hath  looked  upon 
me  :"  and  there  cannot  be  a  doubt  that,  to  a  certain  degree, 
the  opinion  is  well  founded.  The  invisible  rays  in  the  solar 
beams,  which  change  vegetable  colour,  and  have  been  em- 
ployed with  such  remarkable  eflFect  in  the  daguerreotype,  act 
upon  every  substance  on  which  they  fall,  producing  myste- 
rious and  wonderful  changes  in  their  molecular  state,  man  not 
excepted. — Mrs.  Somerville. 

EXTREME  SOLAR  HEAT. 

The  fluctuation  in  the  sun's  direct  heating  power  amounts 
to  iVth,  which  is  too  considerable  a  fraction  of  the  whole  in- 
tensity not  to  aggravate  in  a  serious  degree  the  sufferings  of 
those  who  are  exposed  to  it  in  thirsty  deserts  without  shelter. 
The  amount  of  these  sufferings,  in  the  interior  of  Australia  for 
instance,  are  of  the  most  frightful  kind,  and  would  seem  far  to 
exceed  what  have  ever  been  undergone  by  travellers  in  the 
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northern  deserts  of  Africa.  Thus  Captain  Sturt,  in  his  account 
of  Lis  Australian  exploration,  says  :  "  The  ground  was  almost 
a  molten  surface  ;  and  if  a  match  accidentally  fell  upon  it,  it 
immediately  ignited."  Sir  John  Herschel  has  observed  the 
temperature  of  the  surface  soil  in  South  Africa  as  high  as  159'' 
Fahrenheit.  An  ordinary  lucifer-match  does  not  ignite  when 
simply  pressed  upon  a  smooth  surface  at  212^ ;  but  in  the  act 
of  withdrawing  it  it  takes  fire,  and  the  slightest  friction  upon 
such  a  surface  of  course  ignites  it. 

HOW  DE.  WOLLASTON  COMPAEED  THE  LIGHT  OF  THE  SUN  Ain) 

THE  FIXED  STARS. 

In  order  to  compare  the  Light  of  the  Sun  with  that  of  a 
Star,  Dr.  Wollaston  took  as  an  intermediate  object  of  compa- 
rison the  light  of  a  candle  reflected  from  a  bulb  about  a  quarter 
of  an  inch  in  diameter,  filled  with  quicksilver ;  and  seen  by  one 
eye  through  a  lens  of  two  inches  focus,  at  the  same  time  that 
the  star  on  the  sun's  image,  placed  at  a  proper  distance,  was 
viewed  by  the  other  eye  through  a  telescope.  The  mean  of 
various  trials  seemed  to  show  that  the  light  of  Sirius  is  equal 
to  that  of  the  sun  seen  in  a  glass  bulb  ■^■^ih.  of  an  inch  in  dia- 
meter, at  the  distance  of  210  feet ;  or  that  they  are  in  the 
proportion  of  one  to  ten  thousand  millions  :  but  as  nearly  one 
half  of  this  light  is  lost  by  reflection,  the  real  proportion  be- 
tween the  light  from  Sirius  and  the  sun  is  not  greater  than 
that  of  one  to  twenty  thousand  millions. 

"  THE  SUN  DARKENED." 

Humboldt  selects  the  following  example  from  historical 
records  as  to  the  occurrence  of  a  sudden  decrease  in  the  light 
of  the  Sun : 

A.D.  33,  the  year  of  the  Crucifixion.  "Now  from  the  sixth  hour 
there  was  darkness  over  all  the  land  till  the  ninth  hour"  {St.  Matthev 
xxvii.  45).  According  to  St.  Luke  (xxiii.  45),  "  the  sun  was  darkened." 
Ino'  -^er  to  explain  and  corroborate  these  narrations,  Eusebius  brings 
forward  an  eclipse  of  the  sun  in  the  202d  Olympiad,  which  had  been 
noticed  by  the  chronicler  Phlegon  of  Tralles  (Ideler,  Eandbuch  der 
Mathem.  Chronologie,  Bd.  ii.  p.  417).  Wum,  however,  has  shown  that 
the  eclipse  which  occurred  during  this  Olympiad,  and  was  visible  over 
the  whole  of  Asia  Minor,  must  have  happened  as.  early  as  the  24th  of 
November  29  a.d.  The  day  of  the  Crucifixion  corresponded  with  the 
Jewish  Passover  {Meier,  Bd.  i.  pp.  515-520),  on  the  14th  of  the  month 
Nisan,  and  the  Passover  was  always  celebrated  at  the  time  of  the  full 
moon.  The  sun  cannot  therefore  have  been  darkened  for  three  hours  by 
the  moon.  The  Jesuit  Scheiner  thinks  the  decrease  in  the  light  might 
be  ascribed  to  the  occurrence  of  lai'ge  sun-spots. 

THE  SUN  AND  TERRESTRIAL  MAGNETISM. 

The  important  influence  exerted  by  the  Sun's  body,  as  a 
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mass,  upon  Terrestrial  Magnetism,  is  confirmed  by  Sabine  in 
the  ingenious  observation,  that  the  period  at  which  the  inten- 
sity of  the  magnetic  force  is  greatest,  and  the  direction  of  the 
needle  most  near  to  the  vertical  line,  falls  in  both  hemispheres 
between  the  months  of  October  and  February ;  that  is  to  say, 
precisely  at  the  time  when  the  earth  is  nearest  to  the  sun,  and 
moves  in  its  orbit  with  the  greatest  velocity. 

IS  THE  HEAT  OF  THE  SUN  DECREASING  ? 

The  Heat  of  the  Sun  is  dissipated  and  lost  by  radiation,  and 
must  be  progressively  diminished  unless  its  thermal  energy  be 
supplied.  According  to  the  measurements  of  M.  Pouillet,  the 
quantity  of  heat  given  out  by  the  sun  in  a  year  is  equal  to  that 
which  would  be  produced  by  the  combustion  of  a  stratum  of 
5oal  seventeen  miles  in  thickness  ;  and  if  the  sun's  capacity  for 
leat  be  assumed  equal  to  that  of  water,  and  the  heat  be  sup- 
)Osed  drawn  uniformly  from  its  entire  mass,  its  temperature 
vould  thereby  undergo  a  diminution  of  20-4°  Fahr.  annually. 
Dn  the  other  hand,  there  is  a  vast  store  of  force  in  our  system 
;apable  of  conversion  into  heat.  If,  as  is  indicated  by  the 
imall  density  of  the  sun,  and  by  other  circumstances,  that 
)ody  has  pot  yet  reached  the  condition  of  iucompressibility, 
ve  have  in  the  future  approximation  of  its  parts  a  fund  of 
leat,  probably  quite  large  enough  to  supply  the  wants  of  the 
luman  family  to  the  end  of  its  sojourn  here.  It  has  been  cal- 
iulated  that  an  amount  of  condensation  which  would  diminish 
he  diameter  of  the  sun  by  only  the  ten-thousandth  part,  would 
uffice  to  restore  the  heat  emitted  in  2000  years. 

UNIVERSAL  SUN-DIAL. 

Mr.  Shaip,  of  Dublin,  exhibited  to  the  British  Association 
n  1849  a  Dial,  consisting  of  a  cylinder  set  to  the  day  of  the 
Qonth,  and  then  elevated  to  the  latitude.  A  thin  plane  of 
oetal,  in  the  direction  of  its  axis,  is  then  turned  by  a  milled 
lead  below  it  till  the  shadow  is  a  minimum,  when  a  dial  on 
he  top  shows  the  hours  by  one  hand,  and  the  minutes  by  an- 
ther, to  the  precision  of  about  three  minutes. 

•    LENGTH  OF  DAYS  AT  THE  POLES. 

•^ll"°^T  summer,  in  the  northern  hemisphere,  places 
lear  the  North  Pole  are  in  contimial  sunlight— the  sun  never 
?ts  to  them  ;  while  during  that  time  places  near  the  South 
ole  never  see  the  sun.  When  it  is  summer  in  the  southern 
lemisphere,  and  the  sun  shines  on  the  South  Pole  without 
etting  the  North  Pole  is  entirely  deprived  of  his  light.  In- 
eed,  at  the  Poles  there  is  but  one  day  and  <y>ie  night;  for  the 
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sun  shines  for  six  months  together  on  one  Pole,  and  the  other 
six  months  on  the  other  Pole. 


now  THE  DISTANCE  OF  THE  SUN  IS  ASCERTAINED  BY  THE 
YARD-MEASURE. 

Professor  Airy,  in  his  Six  Lectures  on  Astronomy,  gives  a 
masterly  analysis  of  a  problem  of  considerable  intricacy,  viz. 
the  determination  of  the  parallax  of  the  sun,  and  consequently 
of  his  distance,  by  observations  of  the  transit  of  Venus,  the  con- 
necting link  between  measures  upon  the  earth's  surface  and  the 
dimensions  of  our  system.  The  further  step  of  investigating 
the  parallax,  and  consequently  the  distance  of  the  fixed  stars 
(where  that  is  practicable),  is  also  elucidated;  and  the  author, 
with  evident  satisfaction,  thus  sums  up  the  several  steps : 

Bv  means  of  a  yard-measure,  a  base-line  in  a  survey  was  measured  ; 
from  this  bv  the  triangulations  and  computations  of  a  survey,  an  arc  ot 
S^eridian'on  the  earth  las  measured;  from  this,  with  P/oper  observa- 
tions with  the  zenith  sector,  the  surveys  bemg  also  repeated  on  difieient 
iiarts  of  the  earth,  the  earth's  form  and  dimensions  were  ascertained  , 
F.  om  these,  and  a  previous  independent  knowledge  of  the  Proportions  of 
the  distances  of  the  earth  and  other  planets  from  the  sun.  with  observa- 
tions of  the  transit  of  Venus,  the  sun's  distance  is  determmed ;  and  from 
Sr^th  observations  leading  to  the  parallax  of  the  stars,  the  distance 
of  thrstars  is  determined.  And  every  step  m  tke  process  can  be  dis- 
tinctly referred  to  its  basis,  that  is,  the  yard-measure. 

HOW  THE  TIDES  ARE  PRODUCED  BY  THE  SUN  AND  MOON. 

Each  of  these  bodies  excites,  by  its  attraction  upon  the 
waters  of  the  sea,  two  gigantic  waves,  which  flow  in  the  same 
direction  round  the  world  as  the  attracting  bodies  themse  ves 
annarentlv  do.    The  two  waves  of  the  moon,  on  account  ot 
her  greater  nearness,  are  about  3^  times  as  large  as  those  ex- 
cited by  the  sun.    One  of  these  waves  has  its  crest  on  the 
quarter  of  the  earth's  surface  which  is  turned  towards  the 
moonT  the  other  is  at  the  opposite  side.    Both  these  quarters 
possess  the  flow  of  the  tide,  while  the  regions  which  lie  be- 
tween have  the  ebb.   Although  in  the  open  sea  the  height  of 
the  tide  amounts  to  only  about  three  feet,  and  only  m  ceitam 
narrow  chrnels,  where  the  moving  water  is  squeezed  together, 
rises  To  thirty  feet,  the  might  of  the  phenomenon  is  never- 
Iheless  manifest  from  the  calculation  of  Bessel,  according  to 
which  a^uarter  of  the  earth  covered  by  the  sea  possesses  dur- 
Tn^  the  flow  of  the  tide  about  25,000  cubic  miles  of  water 
mL  than  dur'ng  the  ebb  ;  and  that,  therefore,  such  a  ma  s  of 
water  must  in     hours  flow  from  one  quarter  of  the  earth  to 
the  other.— Professor  Helmholtz. 
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SPOTS  ON  THE  SUN. 

Sir  J ohn  Herschel  describes  these  phenomena,  when  watched 
from  day  to  day,  or  even  from  hour  to  hour,  as  appearing  to  en- 
large or  contract,  to  change  their  forms,  and  at  length  disappear 
altogether,  or  to  break  out  anew  in  parts  of  the  surface  where 
none  were  before.  Occasionally  they  break  up  or  divide  into 
two  or  more.  The  scale  on  which  their  movements  takes  place 
is  immense.  A  single  second  of  angular  measure,  as  seen  from 
the  earth,  corresponds  on  the  sun's  disc  to  46 1  miles ;  and  a 
circle  of  this  diameter  (containing  therefore  nearly  167,000 
square  miles)  is  the  least  space  which  can  be  distinctly  dis- 
cerned on  the  sun  as  a  visible  area.  Spots  have  been  observed, 
however,  whose  linear  diameter  has  been  upwards  of  45,000 
miles;  and  even,  if  some  records  are  to  be  trusted,  of  very  much 
greater  extent.  That  such  a  spot  should  close  up  in  six  weeks 
time  (for  they  seldom  last  much  longei-),  its  borders  must  ap- 
proach at  the  rate  of  more  than  1000  miles  a-day. 

The  same  astronomer  saw  at  the  Cape  of  Good  Hope,  on  the 
29th  March  1837,  a  solar  spot  occupying  an  area  of  near  -five 
square  minutes,  equal  to  3,780,000,000  square  miles.  "The 
black  centre  of  the  spot  of  May  25th,  1837  (not  the  tenth  part 
of  the  preceding  one),  would  have  allowed  the  globe  of  our 
earth  to  drop  through  it,  leaving  a  thousand  miles  clear  of 
contact  on  all  sides  of  that  tremendous  gulf."  For  such  an 
amount  of  disturbance  on  the  sun's  atmosphere,  what  reason 
can  be  assigned  ? 

The  Rev.  Mr.  Dawes  has  invented  a  peculiar  contrivance 
by  means  of  which  he  has  been  enabled  to  scrutinise,  under 
high  magnifying  power,  minute  portions  of  the  solar  disc  He 
places  a  metallic  screen,  pierced  with  a  very  small  hole,  in  the 
focus  of  the  telescope,  where  the  image  of  the  sun  is  formed 
A  small  portion  only  of  the  image  is  thus  allowed  to  pass 
through,  so  that  it  may  be  examined  by  the  eye-piece  without 
inconveniencing  the  observer  by  heat  or  glare.    Bv  this  -ir 
rangement  Mr.  Dawes  has  observed  peculiarities  in  the  con- 
stitution of  the  sun  s  surface  which  are  discernible  in  no  other 
.way.  "i-uci 

Before  these  observations,  the  dark  spots  seen  on  the  sun's 
surface  were  supposed  to  be  portions  of  the  solid  body  of  the 
T'l,  i^^'^ense  fluctuations  in 

«  ir.".  rf^''''''  atmosphere  to  which  it  appears  to 
e  subject.  It  now  appears  that  these  dark  portions  are  on  y 
n  additional  and  inferior  stratum  of  a  very  feebly  luminZ 
r  illuminated  portion  of  the  sun 's  atmosphere  'vldT^lf^Z 

""'T       '"^"T^^y  seenXced  wi^h  aS 
nd  usually  much  more  rounded  aperture,  which  wouldTeem 
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at  last  to  afford  a  view  of  the  real  solar  surface  of  most  intense 
Tolcickiicss* 

M.  Scixwabe,  of  Dessau,  has  discovered  that  the  abundance 
or  paucity  of  spots  displayed  by  the  sun's  surface  is  subject  to 
a  law  of  periodicity.    This  has  been  confirmed  by  M.  Wolf,  of 
Berne,  who  shows  that  the  period  of  these  changes,  from  mini- 
mum to  minimum,  is  11  years  and  ll-hundredths  of  a  year, 
being  exactly  at  the  rate  of  nine  periods  per  century,  the  last 
year  of  each  century  being  a  year  of  minimum.    It  is  strongly 
corroborative  of  the  correctness  both  of  oVI.  Wolf's  period  and 
also  of  the  periodicity  itself,  that  of  all  the  instances  of  the 
appearance  of  spots  on  the  sun  recorded  in  history,  even  before 
the  invention  of  the  telescope,  or  of  remarkable  deficiencies  in 
the  sun's  light,  of  which  there  are  great  numbers,  only  two  are 
found  to  deviate  as  much  as  two  years  from  M.  Wolf's  epochs. 
Sir  William  Herschel  observed  that  the  presence  or  absence  of 
spots  had  an  influence  on  the  temperature  of  the  seasons;  his 
observations  have  been  fully  confirmed  by  M  Wolf.   And  from 
an  examination  of  the  chronicles  of  Zurich  from  a.d.  1000  to 
AD  1800,  he  has  come  to  the  conclusion  "that  years  rich  m 
solar  spots  are  in  general  drier  and  more  fruitful  than  those  of 
an  opposite  character ;  while  the  latter  are  wetter  and  more 
stormy  than  the  former."  .  . 

The  most  extraordinary  fact,  however,  m  connection  with 
the  spots  on  the  sun's  surface,  is  the  singular  coincidence  of 
their  periods  with  those  great  disturbances  m  the  magnetic 
system  of  the  earth  to  which  the  epithet  of  "  magnetic  storms 
has  been  affixed. 

These  distiu-bances,  during  which  the  magrnetic  needle  is  greatly 
and  unTversally  agitated  (not  in  a  particular  limited  locality,  but  at  one 
and  the  same  instant  of  time  over  whole  continents  or  even  over  the 

SraKofh  i^re^^STtS  "S^.^^'^ 

The  signification  and  connection  of  the  above  varying  phe- 
noniena  (Humboldt  maintains)  can  never  be  manifested  m  their 
eiXe  importance  until  an  uninterrupted  series  of  represen  a- 
t  ons  of  the  sun's  spots  can  be  obtained  by  the  aid  of  me- 
chanical clock-work  and  photographic  appai-atus,  as  the  result 
T^^oLt^  observations  during  the  many  months  of  sereno 
wpather  enioyed  in  a  tropical  climate. 


Curiosities  of  Science.  69 

mical  Society's  Medal  in  1857.  "  For  thirty  years,"  said  the  President 
at  the  presentation,  "never  has  the  sun  exhibited  his  disc  above  the 
horizon  of  Dessau  without  being  confronted  by  Schwabe's  imperturbable 
telescope ;  and  that  appears  to  have  happened  on  an  average  about 
300  days  a-year.  So,  supposing  that  he  had  observed  but  once  a-day, 
he  has  made  9000  observations,  in  the  couj-se  of  which  he  discovered 
about  4700  groups.  This  is,  I  believe,  an  instance  of  devoted  persist- 
ence unsurpassed  in  the  annals  of  astronomy.  The  energy  of  one 
man  has  revealed  a  phenomenon  that  had  eluded  the  suspicion  of  astro- 
nomers for  200  years." 

HAS  THE  MOON  AN  ATMOSPHERE  ? 

The  Moon  possesses  neither  Sea  nor  Atmosphere  of  appreci- 
able extent.  Still,  as  a  negative,  in  such  case,  is  relative  only 
to  the  capabilities  of  the  instruments  employed,  the  search  for 
the  indications  of  a  lunar  atmosphere  has  been  renewed  with 
fresh  augmentation  of  telescopic  power.  Of  such  indications, 
the  most  delicate,  perhaps,  are  those  afforded  by  the  occulta- 
tion  of  a  planet  by  the  moon.  The  occultation  of  Jupiter, 
which  took  place  on  January  2,  1857,  was  observed  with  this 
reference,  and  is  said  to  have  exhibited  no  hesitation,  or  change 
of  form  or  brightness,  such  as  would  be  produced  by  the  refrac- 
tion or  absorption  of  an  atmosphere.  As  respects  the  sea,  if 
water_  existed  on  the  moon's  surface,  the  sun's  light  reflected 
from  it  should  be  completely  polarised  at  a  certain  elongation 
of  the  moon  from  the  sun ;  and  no  traces  of  such  light  have 
been  observed. 

MM.  Baer  and  Maedler  conclude  that  the  moon  is  not  en- 
tirely without  an  atmosphere,  but,  owing  to  the  smallness  of 
her  mass,  she  is  incapacitated  from  holding  an  extensive  cover- 
ing of  gas;  and  they  add,  "it  is  possible  that  this  weak  en- 
velope may  sometimes,  through  local  causes,  in  some  measure 
dim  or  condense  itself."  But  if  any  atmosphere  exists  on  our 
satellite,  it  must  be,  as  Laplace  says,  more  attenuated  than 
what  is  termed  a  vacuum  in  an  air-pump. 
^  Mr.  Hopkins  thinks  that  if  there  be  any  lunar  atmosphere, 
it  must  be  very  rare  in  comparison  with  the  terrestrial  atmo- 
sphere, and  mappreciable  to  the  kind  of  observation  by  which 
it  has  been  tested ;  yet  the  absence  of  any  refraction  of  the 
light  of  the  stars  during  occultation  is  a  very  refined  test.  Mr 
Nasmyth  observes  that  "  the  sudden  disappearance  of  the  stars 
behind  the  moon,  without  any  change  or  diminution  of  her 
bnUiancy,  is  one  of  the  most  beautiful  phenomena  that  can  be 
witnessed." 

Sir  John  Herschel  observes  :  The  fact  of  the  moon  turning 
always  the  same  face  towards  the  earth  is,  in  all  probability, 
the  result  of  an  elongation  of  its  figure  in  the  direction  of  a 
line  joining  the  centres  of  both  the  bodies,  acting  conjointly 
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with  a  non-coincidence  of  its  centre  of  gravity  with  its  centre 
of  symmetry. 

If  to  this  we  add  the  supposition  that  the  substance  of  the 
moon  is  not  homogeneous,  and  that  some  considerable  pre- 
ponderance of  weight  is  placed  excentrically  in  it,  it  will  be 
easily  apprehended  that  the  portion  of  its  surface  nearer  to  that 
heavier  portion  of  its  solid  content,  under  all  the  circumstances 
of  the  moon's  rotation,  will  permanently  occupy  the  situation 
most  remote  fi'om  the  earth. 

In  what  regai'ds  its  assumption  of  a  definite  level,  air  obeys  precisely 
the  same  hydrostatical  laws  as  water.  The  lunar  atmosphere  would 
rest  upon  the  lunar  ocean,  and  form  in  its  basin  a  lake  of  air,  whose 
upper  portions  at  an  altitude  such  as  we  are  now  contemplating  would 
be  of  excessive  tenxiitj',  especially  should  the  provision  of  air  be  less 
abundant  in  proportion  than  our  own.  It  by  no  means  follows,  then, 
from  the  absence  of  visible  indications  of  water  or  air  on  this  side  of  the 
moon,  that  the  other  is  equally  destitute  of  them,  and  equally  unfitted 
for  maintaining  animal  or  vegetable  life.  Some  slight  approach  to  such 
a  state  of  things  actually  obtains  on  the  earth  itself.  Nearly  all  the 
land  is  collected  in  one  of  its  hemispheres,  and  much  the  larger  portion 
of  the  sea  in  the  opposite.  There  is  evidently  an  excess  of  heavy  mate- 
rial vertically  beneath  the  middle  of  the  Pacific  ;  while  not  very  remote 
from  the  point  of  the  globe  diametrically  opposite  rises  the  great  table- 
land of  India  and  the  Himalaya  chain,  on  the  summits  of  which  the  air 
has  not  more  than  a  third  of  the  density  it  has  on  the  sea-level,  and 
from  which  animated  existence  is  for  ever  excluded.— -fferscA«t'«  Out- 
lines, 6tb  edit. 

LIGHT  OF  THE  MOON. 

The  actual  illumination  of  the  lunar  surface  is  not  much 
superior  to  that  of  weathered  sandstone-rock  in  full  sunshine. 
Sir  John  Herschel  has  frequently  compared  the  moon  setting 
behind  the  gray  perpendicular  fa§ade  of  the  Table  Mountani 
at  the  Cape  of  Good  Hope,  illuminated  by  the  sun  just  risen 
from  the  opposite  quarter  of  the  horizon,  when  it  has  been 
scarcely  distinguishable  in  brightness  from  the  rock  in  contact 
with  it.  The  sun  and  moon  being  nearly  at  equal  altitudes, 
and  the  atmosphere  perfectly  free  from  cloud  or  vapour,  its 
effect  is  alike  on  both  luminaries. 


HEAT  OF  MOONLIGHT. 
M.  Zantedeschi  has  proved,  by  a  long  series  of  experiments 
in  the  Botanic  Gardens  at  Venice,  Florence,  and  Padua,  that, 
contrary  to  the  general  opinion,  the  diffused  rays  of  moonlight 
have  an  influence  upon  the  organs  of  plants,  as  the  Sensitive 
Plant  and  the  Desmodium  gyrans.  The  influence  was  feeble 
compared  with  that  of  the  sun ;  but  the  action  is  left  beyond 

further  question.  „  ,  •        4.  „ 

MeUoni  has  proved  that  the  rays  of  the  Moon  give  out  a 
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slight  degree  of  Heat  (see  Things  not  generally  Known,  p.  7) ; 
and  Professor  Piazzi  Smyth,  from  a  point  of  the  Peak  of  Tene- 
riffe  8840  feet  above  the  sea-level,  has  found  distinctly  per- 
ceptible the  heat  radiated  from  the  moon,  which  has  been  so 
often  sought  for  in  vain  in  a  lower  region. 

SCENERY  OF  THE  MOON. 

By  means  of  the  telescope,  mountain-peaks  are  distinguished 
ii  the  ash-gray  light  of  the  larger  spots  and  isolated  brightly- 
shining  points  of  the  moon,  even  when  the  disc  is  already 
more  than  half  illuminated.  Lambert  and  Schroter  have  shown 
thi.t  the  extremely  variable  intensity  of  the  ash-gray  light  of 
the  moon  depends  upon  the  greater  or  less  degree  of  reflection 
of  the  sunlight  which  falls  upon  the  earth,  according  as  it  is 
reflected  from  continuous  continental  masses,  full  of  sandy  de- 
serts, grassy  steppes,  tropical  forests,  and  barren  rocky  ground, 
or  from  large  ocean  surfaces.  Lambert  made  the  remarkable 
observation  (14th  of  February  1774)  of  a  change  of  the  ash- 
coloui-ed  moonlight  into  an  olive-green  colour  bordering  upon 
yellow.  "  The  moon,  which  then  stood  vertically  over  the 
Atlantic  Ocean,  received  upon  its  right  side  the  green  terres- 
trial light  which  is  reflected  towards  her  when  the  sky  is  clear 
by  the  forest  districts  of  South  America. " 

Platarch  says  distinctly,  in  his  remarkable  work  On  the  Face 
in  the  Moon,  that  we  may  suppose  the  spots  to  be  partly  deep 
chasms  and  valleys,  partly  mountain -peaks,  which  cast  long 
shadows,  like  Mount  Athos,  whose  shadow  reaches  Lemnos. 
The  spots  cover  about  two-fifths  of  the  whole  disc.  In  a  clear 
atmosphere,  and  under  favourable  circumstances  in  the  position 
of  the  moon,  some  of  the  spots  ai-e  visible  to  the  naked  eye; 
as  the  edge  of  the  Apennines,  the  dark  elevated  plain  Grimal- 
dus,  the  enclosed  Mare  Crisium,  and  Tycho,  crowded  round  with 
numerous  mountain  ridges  and  craters. 

Professor  Alexander  remarks,  that  a  map  of  the  eastern 
hemisphere,  taken  with  the  Bay  of  Bengal  in  the  centre,  would 
bear  a  striking  resemblance  to  the  face  of  the  moon  presented 
to  us.  The  dark  portions  of  the  moon  he  considers  to  be  con- 
tinental elevations,  as  shown  by  measuring  the  average  height 
of  mountains  above  the  dark  and  the  light  portions  of  the 
moon. 

The  surface  of  the  moon  can  be  as  distinctly  seen  by  a  good 
telescope  magnifying  1000  times,  as  it  would  be  if  not  more 
than  250  miles  distant. 

LIFE  IN  THE  MOON. 

A  circle  of  one  second  in  diameter,  as  seen  from  the  earth 
on  the  surface  of  the  inoou  contains  about  a  square  mile! 
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Telescopes,  therefore,  must  be  greatly  improved  before  we 
could  expect  to  see  signs  of  inhabitants,  as  manifested  by  edi- 
fices or  changes  on  the  surface  of  the  soil.  It  should,  however, 
be  observed,  that  owing  to  the  small  density  of  the  materials  of 
the  moon,  and  the  comparatively  feeble  gravitation  of  bodies 
on  her  surface,  muscular  force  would  there  go  six  times  as  far 
in  overcoming  the  weight  of  materials  as  on  the  earth.  Owing 
to  the  want  of  air,  however,  it  seems  impossible  that  any  form 
of  life  analogous  to  those  on  earth  can  subsist  there.  Ifo 
appearance  indicating  vegetation,  or  the  slightest  variation  of 
surface  which  can  in  our  opinion  fairly  be  ascribed  to  change  of 
season,  can  any  where  be  discerned. — Sir  John  HeraclieVs  Out- 
lines. 

THE  MOON  SEEN  THROUGH  LORD  ROSSE's  TELESCOPE. 

In  1846,  the  Rev.  Dr.  Scoresby  had  the  gratification  of  ob- 
serving the  Moon  through  the  stupendous  telescope  constructed 
by  Lord  Rosse  at  Parsonstown.  It  appeared  like  a  globe  of 
molten  silver,  and  every  object  to  the  extent  of  100  yards  was 
quite  visible.  Edifices,  therefore,  of  the  size  of  York  Minster, 
or  even  of  the  ruins  of  Whitby  Abbey,  might  be  easil/  per- 
ceived, if  they  had  existed.  But  there  was  no  appeararce  of 
any  thing  of  that  nature  ;  neither  was  there  any  indication  of 
the  existence  of  water,  or  of  an  atmosphere.  There  \Tere  a 
great  number  of  extinct  volcanoes,  several  miles  in  breadth ; 
through  one  of  them  there  was  a  line  of  continuance  about  150 
miles  in  length,  which  ran  in  a  straight  direction,  like  i  rail- 
way. The  general  appearance,  however,  was  like  one  vast  ruin 
of  nature ;  and  many  of  the  pieces  of  rock  driven  out  of  the 
volcanoes  appeared  to  lie  at  various  distances. 


MOUNTAINS  IN  THE  MOON. 

By  the  aid  of  telescopes,  we  discern  irregularities  in  the  sur- 
face of  the  moon  which  can  be  no  other  than  mountains  and 
valleys, — for  this  plain  reason,  that  we  see  the  shadows  cast 
by  the  former  in  the  exact  proportion  as  to  length  which  they 
ought  to  have  when  we  take  into  account  the  inclinations  of 
the  sun's  rays  to  that  part  of  the  moon's  surface  on  which  they 
stand.  From  raicrometrical  measurements  of  the  lengths  of  the 
shadows  of  the  more  conspicuous  mountains,  Messrs.  Baer  and 
Maedler  have  given  a  list  of  heights  for  no  less  than  1095  lunar 
mountains,  among  which  occur  all  degrees  of  elevation  up  to 
22,823  British  feet,  or  about  1400  feet  higher  than  Chimbo- 
razo  in  the  Andes.  , 

If  Chimborazo  were  as  high  in  proportion  to  the  eartli  s 
diameter  as  a  mountain  in  the  moon  known  by  the  name  of 
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Newton,  is  to  the  moon's  diameter,  its  peak  would  be  more 
than  sixteen  miles  high. 

Arago  calls  to  mind,  that  with  a  6000-fold  magnifying 
power,  which  nevertheless  could  not  be  applied  to  the  moon 
with  proportionate  results,  the  mountains  upon  the  moon 
would  appear  to  us  just  as  Mont  Blanc  does  to  the  naked  eye 
when  seen  from  the  Lake  of  Geneva,. 

We  sometimes  observe  more  than  half  the  surface  of  the 
moon,  the  eastern  and  northern  edges  being  more  visible  at 
one  time,  and  the  western  or  southern  at  another.  By  means 
of  this  libration  we  are  enabled  to  see  the  annular  mountain 
Malapert  (which  occasionally  conceals  the  moon's  south  pole), 
the  arctic  landscape  round  the  crater  of  Gioja,  and  the  large 
gray  plane  near  Endymion,  which  conceals  in  superficial  extent 
the  Tnare  vaporum. 

Three-sevenths  of  the  moon  are  entirely  concealed  from  our 
observation;  and  must  always  remain  so,  unless  some  new  and 
unexpected  disturbing  causes  come  into  play. — Humboldt. 

The  first  object  to  which  Galileo  directed  his  telescope  was  tho 
mountainous  parts  of  the  moon,  when  he  showed  how  their  summits 
might  be  measui-ed  :  he  found  in  the  moon  some  circular  districts  sur- 
I'ounded  on  all  sides  by  mountains  similar  to  the  form  of  Bohemia. 
The  measurements  of  the  mountains  were  made  by  the  method  of  the 
tangents  of  the  solar  ray.  Galileo,  as  Helvetius  did  still  later,  measured 
the  distance  of  the  summit  of  the  mountains  from  the  boundaiy  of  the 
illuminated  portion  at  the  moment  when  the  mountain  summit  was 
first  struck  by  the  solar  ray.  Humboldt  found  no  observations  of  the 
lengths  of  the  shadows  of  the  mountains:  the  summits  were  "much 
higher  thaa  the  mountains  on  our  earth  "  The  comparison  is  remark- 
able, siiioo,  according  to  Riccioli,  very  exaggerated  ideas  of  the  height 
of  our  mountains  were  then  entertained.  Galileo  like  all  other  observers 
up  to  the  close  of  the  eighteenth  century,  believed  in  the  existence  of 
many  seas  and  of  a  lunar  atmosphere. 

THE  MOON  AND  THE  WEATHEE. 

The  only  influence  of  the  Moon  on  the  Weather  of  which 
we  have  any  decisive  evidence  is  the  tendency  to  disappearance 
t>f  clouds  under  the  full  moon,  which  Sir  John  Herschel  refers 
to  its  heat  being  much  more  readily  absorbed  in  traversing 
transparent  media  than  direct  solar  heat,  and  being  extinguished 
in  the  upper  regions  of  our  atmosphere,  never  reaches  the  sur- 
face of  the  atmosphere  at  all. 

THE  moon's  attraction, 

Mr.  G.  P.  Bond  of  Cambridge,  by  some  investigations  to 
ascertain  whether  the  Attraction  of  the  Moon  has  any  eflfect 
upon  the  motion  of  a  pendulum,  and  consequently  upon  the 
rate  of  a  clock,  has  found  the  last  to  be  changed  to  the  amount 
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of  nnra  of  a  second  daily.  At  the  equator  the  moon's  attrac- 
tion changes  the  weight  of  a  body  only  ^oo6d6g  of  the  whole  ; 
yet  this  force  is  sufficient  to  produce  the  vast  phenomena  of 
the  tides  I 

It  is  no  slight  evidence  of  the  importance  of  analypis,  that 
Laplace's  perfect  theory  of  tides  has  enabled  us  in  our  astro- 
nomical ephemerides  to  predict  the  height  of  spring-tides  at 
the  periods  of  new  and  full  moon,  and  thus  put  the  inhabitants 
of  the  sea  on  their  guard  against  the  increased  danger  attending 
the  lunar  revolutions. 


MEASUEING  THE  EAETH  BY  THE  MOON. 

As  the  form  of  the  Earth  exerts  a  powerful  influence  on  the 
motion  of  other  cosmical  bodies,  and  especially  on  that  of  its 
neighbouring  satellite,  a  more  perfect  knowledge  of  the  motion 
of  the  latter  will  enable  us  reciprocally  to  di-aw  an  inference 
regarding  the  figure  of  the  earth.  Thus,  as  Laplace  ably  re- 
marks :  "  an  astronomer,  without  leaving  his  observatory,  may, 
by  a  comparison  of  lunar  theory  with  true  observations,  not 
only  be  enabled  to  determine  the  form  and  size  of  the  earth, 
but  also  its  distance  from  the  sun  and  moon ;  results  that  other- 
wise could  only  be  arrived  at  by  long  and  arduous  expeditions 
to  the  most  remote  parts  of  both  hemispheres."  The  compres- 
sion which  may  be  inferred  from  lunar  inequalities  aflFords  an 
advantage  not  yielded  by  individual  measurements  of  degrees 
or  experiments  with  the  pendulum,  since  it  gives  a  mean 
amount  which  is  referable  to  the  whole  ^hiiiQi.—Humholdt's 
Cosmos,  vol.  i. 

The  distance  of  the  moon  from  the  earth  is  about  240,000 
miles ;  and  if  a  railway-carriage  were  to  travel  at  the  rate  of 
1000  miles  a-day,  it  would  be  eight  months  in  reaching  the 
moon.  But  that  is  nothing  compared  with  the  length  of  time 
it  would  occupy  a  locomotive  to  reach  the  sun  from  the  earth  : 
if  travelling  at  the  rate  of  1000  miles  a-day,  it  would  require 
260  years  to  reach  it. 

CAUSE  OF  ECLIPSES. 

As  the  Moon  is  at  a  very  moderate  distance  from  us  (astro- 
nomically speaking),  and  is  in  fact  our  nearest  neighbour,  >yhile 
the  sun  and  stars  are  in  comparison  immensely  beyond  it,  it 
must  of  necessity  happen  that  at  one  time  or  other  it  must 
pass  over,  and  occult  or  eclipse,  every  star  or  planet  withm  its 
zone,  and,  as  seen  from  the  surface  of  the  earth,  even  some- 
what beyond  it.  Nor  is  the  sun  itself  exempt  from  being  thus 
hidden  whenever  any  part  of  the  moon's  disc,  in  this  her  tor- 
tuous course,  comes  to  overlap  any  part  of  the  space  occupied 
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in  the  heavens  by  that  luminary.  On  these  occasions  is  ex- 
.hibited  the  most  striking  and  impressive  of  all  the  occasional 
phenomena  of  astronomy,  an  Eclipse  of  the  Sun,  in  which  a 
greater  or  less  portion,  or  even  in  some  conjunctures  the  whole 
of  its  disc,  is  obscured,  and,  as  it  were,  obliterated,  by  the  su- 
perposition of  that  of  the  moon,  which  appears  upon  it  as  a 
circularly-terminated  black  spot,  producing  a  temporaiy  dimi- 
nution of  daylight,  or  even  nocturnal  darkness,  so  that  the 
stars  appear  as  if  at  midnight. — Sir  John  HerscheVs  Outlines. 

VAST  NUMBERS  IN  THE  UNIVERSE. 

The  number  of  telescopic  stars  in  the  Milky  Way  uninter- 
rupted by  any  nebulae  is  estimated  at  18,000,000.  To  com- 
pare this  number  with  something  analogous,  Humboldt  calls 
attention  to  the  fact,  that  there  are  not  in  the  whole  heavens 
more  than  about  8000  stars,  between  the  first  and  the  sixth 
magnitudes,  visible  to  the  naked  eye.  The  barren  astonish- 
ment excited  by  numbers  and  dimensions  in  space  when  not 
considered  with  reference  to  applications  engaging  the  mental 
and  perceptive  powers  of  man,  is  awakened  in  both  extremes 
of  the  universe — in  the  celestial  bodies  as  in  the  minutest 
animalcules.  A  cubic  inch  of  the  polishing  slate  of  Bilin  con- 
tains, according  to  Ehrenberg,  40,000  millions  of  ths  siliceous 
shells  of  Galionellse. 

FOR  WHAT  PURPOSE  WERE  THE  STARS  CREATED  ? 

Surely  not  (says  Sir  John  Herschel)  to  illuminate  our  nights, 
which  an  additional  moon  of  the  thousandth  part  of  the  size  of 
our  own  would  do  much  better ;  nor  to  sparkle  as  a  pageant 
void  of  meaning  and  reality,  and  bewilder  us  among  vain  con- 
jectures. Useful,  it  is  true,  they  are  to  man  as  points  of  exact 
and  permanent  reference ;  but  he  must  have  studied  astronomy 
to  little  purpose,  who  can  suppose  man  to  be  the  only  object  of 
his  Creator's  care,  or  who  does  not  see  in  the  vast  and  wonder- 
ful apparatus  around  us  provision  for  other  races  of  animated 
bemgs.  The  planets  derive  their  light  from  the  sun ;  but  that 
cannot  be  the  case  with  the  stars.  These  doubtless,  then,  are 
themselves  suns  ;  and  may  perhaps,  each  in  its  sphere,  be  the 
presidmg  centre  round  which  other  planets,  or  bodies  of  which 
we  can  form  no  conception  from  any  analogy  offered  by  our 
own  system,  are  circulating.* 

NUMBER  OF  STARS. 

Various  estimates  have  been  hazarded  on  the  Number  of 
btars  throughout  the  whole  heavens  visible  to  us  by  the  aid  of 

"'l^.T '^"J^  advocacy  of  the  doctrine  of  '<  More  Worlds  than  One"  (refer- 
red  to  ut  p.  56)  is  from  the  author's  valuable  Oullmes  0/ Astronomy.  ^ 
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our  colossal  telescopes.  Struve  assumes  for  Herschel's  20-feet 
reflector,  that  a  magnifying  power  of  180  would  give  5,800,000 
for  the  number  of  stars  lying  within  the  zones  extending  30° 
on  either  side  of  the  equator,  and  20,374,000  for  the  whole 
heavens.  Sir  William  Herschel  conjectured  that  18,000,000  of 
stars  in  the  Milky  Way  might  be  seen  by  his  still  more  powerful 
40-feet  reflecting  telescope. — Humboldt's  Cosmos,  vol.  iii. 

The  assumption  that  the  extent  of  the  starry  firmament  is 
literally  infinite  has  been  made  by  Dr.  Olbers  the  basis  of  a 
conclusion  that  the  celestial  spaces  are  in  some  slight  degree 
deficient  in  transparency  ;  so  that  all  beyond  a  certain  distance 
is  and  must  remain  for  ever  unseen,  the  geometrical  progres- 
sion of  the  extinction  of  light  far  outrunning  the  effect  of  any 
conceivable  increase  in  the  power  of  our  telescopes.  Were  it 
not  so,  it  is  argued  that  eveiy  part  of  the  celestial  concave 
ought  to  shine  with  the  brightness  of  the  solar  disc,  since  no 
visual  ray  could  be  so  directed  as  not,  in  some  point  or  other  of 
its  infinite  length,  to  encounter  such  a  disc. — Edinburgh  Re- 
view, Jan.  1848. 

STAKS  THAT  HAVE  DISAPPEARED. 

Notwithstanding  the  great  accuracy  of  the  catalogued  po- 
sitions of  telescopic  fixed  stars  and  of  modern  star-maps,  the 
certainty  of  conviction  that  a  star  in  the  heavens  has  ac- 
tually disappeared  since  a  certain  epoch  can  only  be  arrived  at 
with  great  caution.  Errors  of  actual  observation,  of  reduction, 
and  of  the  press,  often  disfigure  the  very  best  catalogues.  _  The 
disappearance  of  a  heavenly  body  from  the  place  in  which  it 
had  been  before  distinctly  seen,  may  be  the  result  of  its  own 
motion  as  much  as  of  any  such  diml)iution  of  its  photometric 
process  as  would  render  the  waves  of  light  too  weak  to  excite 
our  organs  of  sight.  What  we  no  longer  see,  is  not  necessarily 
annihilated.  The  idea  of  destruction  or  combustion,  as  ap- 
plied to  disappearing  stars,  belongs  to  the  age  of  Tycho  Bralie. 
Even  Pliny  makes  it  a  question.  The  apparent  eternal  cosmical 
alternation  of  existence  and  destruction  is  not  annihilation; 
it  is  merely  the  transition  of  matter  into  new  forms,  into  com- 
binations which  are  subject  to  new  processes.  Dark  cosmical 
bodies  may  by  a  renewed  process  of  light  again  become  lu- 
minous.— Humholdt's  Cosmos,  vol.  iii. 

THE  POLE-STAR  FOUR  THOUSAND  YEARS  AGO. 

Sir  John  Herschel,  in  his  Outlines  of  Astronomy,  thus  shows 
the  changes  in  the  celestial  pole  in  4000  years : 

At  the  date  of  the  erection  of  the  Pyramid  of  Gizeh,  which  precedes 
the  present  epoch  by  nearly  4000  years,  the  longitudes  of  all  the  sUra 
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I  were  less  by  65°  45'  than  at  present.  Calculating  from  this  datum 
!  the  place  of  the  pole  of  the  heavens  among  the  stars,  it  will  be  found 
to  fall  near  a  Draconis  ;  its  distance  from  that  star  being  3°  44'  25", 
This  being  the  most  conspicuous  star  in  the  immediate  neighbourhood, 
was  therefore  the  Pole  Star  of  that  epoch.  The  latitude  of  Gizeh  being 
just  30°  north,  and  consequently  the  altitude  of  the  North  Pole  there 
also  30°,  it  follows  that  the  star  in  question  must  have  had  at  its 
lowest  culmination  at  Gizeh  an  altitude  of  25°  15'  35".  Now  it  is  a 
remarkable  fact,  that  of  the  nine  pyramids  still  existing  at  Gizeh,  six 
(including  all  the  largest)  have  the  narrow  passages  by  which  alone  they 
can  be  entered  (all  which  open  out  on  the  northern  faces  of  their  re- 
spective pyramids)  inclined  to  the  horizon  downwards  at  angles  the 
mean  of  which  is  26°  47'.  At  the  bottom  of  every  one  of  these  passages, 
therefore,  the  Pole  Star  must  have  been  visible  at  its  lower  culmination  ; 
a  circumstance  which  can  hardly  be  supposed  to  have  been  uninten- 
tional, and  was  doubtless  connected  (perhaps  superstitiousl}')  with  the 
astronomical  observations  of  that  star,  of  whose  proximity  to  the  pole 
at  the  epoch  of  the  erection  of  these  wonderful  structures  we  are  thus 
furnished  with  a  monumental  record  of  the  most  imperishable  nature. 

THE  PLEIADES. 

The  Pleiades  prove  that,  several  thousand  years  ago  even 
as  now,  stars  of  the  seventh  magnitude  were  invisible  to  the 
naked  eye  of  average  visual  power.  The  group  consists  of 
seven  stars,  of  which  six  only,  of  the  third,  fourth,  and  fifth 
magnitudes,  could  be  readily  distinguished.  Of  these  Ovid 
says  {Fast.  iv.  170)  : 

"  Quae  septem  dici,  sex  tamen  esse  solent." 
Aratus  states  there  were  only  six  stars  visible  in  the  Pleiades. 

One  of  the  daughters  of  Atlas,  Merope,  the  only  one  who 
was  wedded  to  a  mortal,  was  said  to  have  veiled  herself  for 
very  shame  and  to  have  disappeared.  This  is  probably  the 
star  of  the  seventh  magnitude,  which  we  call  Celsene  ',  for  Hip- 
parchus,  in  his  commentary  on  Aratus,  observes  that  on  clear 
moonless  nights  seve7i  stars  may  actually  be  seen. 

The  Pleiades  were  doubtless  known  to  the  rudest  nations 
from  the  earliest  times  ;  they  are  also  called  the  manner's  stars. 
The  name  is  from  TvXelv  (plein),  '  to  sail.'  The  navigation  of 
the  Mediterranean  lasted  from  May  to  the  beginning  of  Novem- 
ber, from  the  early  rising  to  the  early  setting  of  the  Pleiades. 
In  how  many  beautiful  effusions  of  poetry  and  sentiment  has 
"  the  Lost.Pleiad"  been  deplored  !— and,  to  descend  to  more  fa- 
miliar illustration  of  this  group,  the  "  Seven  Stars,"  the  sailors' 
favourites,  and  a  frequent  river-side  public-house  sign,  may  be 
traced  to  the  Pleiades. 

CHANGE  OF  COLOUR  IN  THE  STAES. 

The  scintillation  or  twinkling  of  the  stars  is  accompanied 
by  variations  of  colour,  which  have  been  remarked  from  a  very 
early  age.    M.  Arago  states,  upon  the  authority  of  M.  Babinet 
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that  the  name  of  Barakesch,  given  by  the  Arabians  to  Sirius, 
signifies  th  ".  star  of  a  thousand  colours  ;  and  Tycho  Brahe,  Kep- 
ler, and  others,  attest  to  similar  change  of  colour  in  twinkling. 
Even  soon  after  the  invention  of  the  telescope,  Simon  Marius 
remarked  that  by  removing  the  eye-piece  of  the  telescope  the 
images  of  the  stars  exhibited  rapid  fluctuations  of  bright- 
ness and  colour.  In  1814  Nicholson  applied  to  the  telescope 
a  smart  vibration,  which  caused  the  image  of  the  star  to  be 
transformed  into  a  curved  line  of  light  returning  into  itself, 
and  diversified  by  several  colours ;  each  colour  occupied  about 
a  third  of  the  whole  length  of  the  curve,  and  by  applying  ten 
vibrations  in  a  second,  the  light  of  Sirius  in  that  time  passed 
through  thirty  changes  of  colour.  Hence  the  stars  in  general 
shine  only  by  a  portion  of  their  light,  the  effect  of  twinkling 
being  to  diminish  their  brightness.  This  phenomenon  M.  Arago 
explains  by  the  principle  of  the  interference  of  light. 

Ptolemy  is  said  to  have  noted  Sirius  as  a  red  star,  though 
it  is  now  white.  Sirius  twinkles  with  red  and  blue  light,  and 
Ptolemy's  eyes,  like  those  of  several  other  persons,  may  have 
been  more  sensitive  to  the  red  than  to  the  blue  rays. — Sir  David 
Brewster's  More  Worlds  than  One,  p.  235. 

Some  of  the  double  stars  are  of  very  different  and  dissimilar 
colours;  and  to  the  revolving  planetary  bodies  which  apparently 
circulate  around  them,  a  day  lightened  by  a  red  light  is  suc- 
ceeded by,  not  a  night,  but  a  day  equally  brilliant,  though  illu- 
minated only  by  a  green  light. 

DISTANCE  OF  THE  NEAREST  FIXED  STAK  FROM  THE  EARTH. 

Sir  John  Herschel  wrote  in  1833 :  "  What  is  the  distance  • 
of  the  nearest  fixed  star  ?  What  is  the  scale  on  which  our 
visible  firmament  is  constructed  ?  And  what  proportion  do  its 
dimensions  bear  to  those  of  our  own  immediate  system  ?  To  this, 
however,  astronomy  has  hitherto  proved  unable  to  supply  an 
answer.  All  we  know  on  this  subject  is  negative."  To  these 
questions,  however,  an  answer  can  now  be  given.  Slight 
changes  of  position  of  some  of  the  stars,  called  parallax,  have 
been  distinctly  observed  and  measured  ;  and  among  these  stars 
No.  61  Cygni  of  Flamstead's  catalogue  has  a  parallax  of  5",  and 
that  of  a  Centauri  has  a  proper  motion  of  4"  per  annum. 

The  same  astronomer  states  that  each  second  of  parallax  in- 
dicates a  distance  of  20  billions  of  miles,  or  3i  years'  journey  of 
light  Now  the  light  sent  to  us  by  the  sun,  as  compared  with 
that  sent  by  Sirius  and  a  Centauri,  is  about  22  thousand  mil- 
lions to  1.  "  Hence,  from  the  parallax  assigned  above  to  that 
star  it  is  easy  to  conclude  that  its  intrinsic  splendour,  as  com- 
pared with  that  of  our  sun  at  equal  distances,  is  2-3247,  that 
of  the  sun  being  unity.    The  Ught  of  Sirius  is  four  tunes  that 
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^aCeutauri,andits  parallax  only  0-15".  This,  in  effect  as- 
cribes to  it  an  intrinsic  splendour  equal  to  96-63  times^that  of 
a  Centauri,  and  therefore  224-7  times  that  of  our  sun.  _ 

This  is  justly  regarded  as  one  of  the  most  brilliant  triumphs 
of  astronomical  science,  for  the  delicacy  of  the  investigation  is 
almost  inconceivable ;  yet  the  reasoning  is  as  unimpeachable 
as  the  demonstration  of  a  theorem  of  Euclid. 

LIGHT  OF  A  STAE  SIXTEENFOLD  THAT  OF  THE  SUN. 

The  bright  star  in  the  constellation  of  the  Lyre,  termed 
Vega,  is  the  brightest  in  the  northern  hemisphere ;  and  the  com- 
bined researches  of  Struve,  father  and  son,  have  found  that 
the  distance  of  this  star  from  the  earth  is  no  less  than  130  bil- 
lions of  miles  !  Light  travelling  at  the  rate  of  192  thousand 
miles  in  a  second  consequently  occupies  twenty-one  years  m 
passing  from  this  star  to  the  earth.  Now  it  has  been  found, 
by  comparing  the  light  of  Vega  with  the  light  of  the  sun,  that 
if  the  latter  were  removed  to  the  distance  of  130  billions  of 
miles,  his  apparent  brightness  would  not  amount  to  more  than 
the  sixteenth  part  of  the  apparent  brightness  of  Vega.  We 
are  therefore  warranted  in  concluding  that  the  light  of  Vega 
is  equal  to  that  of  sixteen  suns. 

DIVEKSITIES  OF  THE  PLANETS. 

In  illustration  of  the  great  diversity  of  the  physical  peculi- 
arities and  probable  condition  of  the  planets.  Sir  J ohn  Herschel 
describes  the  intensity  of  solar  radiation  as  nearly  seven  times 
greater  on  Mercury  than  on  the  earth,  and  on  Uranus  330  times 
less  ;  the  proportion  between  the  two  extremes  being  that  of 
upwards  of  2000  to  1.  Let  any  one  figure  to  himself,  (adds 
Sir  John,)  the  condition  of  our  globe  were  the  sun  to  be  sep- 
tupled, to  say  nothing  of  the  greater  ratio ;  or  were  it  dimi- 
nished to  a  seventh,  or  to  a  300th  of  its  actual  power  ! 
Again,  the  intensity  of  gravity,  or  its  efficacy  in  counter- 
acting muscular  power  and  repressing  animal  activity,  on  Ju- 
piter is  nearly  two-and-a-half  times  that  on  the  earth ;  on 
Mars  not  more  than  one-half ;  on  the  moon  one-sixth;  and  on 
the  smaller  planets  probably  not  more  than  one-twentieth  ; 
giving  a  scale  of  which  the  extremes  are  in  the  proportion  of 
sixty  to  one.  Lastly,  the  density  of  Saturn  hardly  exceeds  one- 
eighth  of  the  mean  density  of  the  earth,  so  that  it  must  consist 
of  materials  not  much  heavier  than  cork. 

Jupiter  is  eleven  times,  Saturn  ten  times,  Uranus  five  times,  and 
Neptune  nearly  six  times,  the  diameter  of  our  earth. 

These  four  bodies  revolve  in  space  at  such  distances  from  the  sun, 
that  if  it  were  possible  to  start  thence  for  each  in  succession,  and  to  travel 
at  the  railway  speed  of  33  miles  per  hour,  the  traveller  would  reach 
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Jupiter  in    .       .       .   1712  years 

Saturn  ....    3113  „ 

Uranus        .       ,       .    6226  „ 

Neptune  .  .  .  9685  „ 
If,  therefore,  a  person  bad  commenced  his  journey  at  the  period  of  the 
Christian  era,  he  would  now  have  to  travel  nearly  1300  years  before  he 
would  arrive  at  the  planet  Saturn  ;  more  than  4300  years  before  he 
would  reach  Uranus  ;  and  no  less  than  7800  yeai's  before  he  could  reach 
the  orbit  of  Neptune. 

Yet  the  light  which  comes  to  us  from  these  remote  confines  of  the 
solar  system  first  issued  from  the  sun,  and  is  then  reflected  from  the 
surface  of  the  planet.  When  the  telescope  is  turned  towards  Neptune, 
the  observer's  eye  sees  the  object  by  means  of  light  that  issued  from 
the  sun  eight  hours  before,  and  which  since  then  has  passed  nearly 
twdce  through  that  vast  space  which  railway  speed  would  require  al- 
most a  century  of  centuries  to  accomplish. — Bouvier's  Familiar  Astro- 
nomy. 

GEAND  EESULTS  OF  THE  DISCOVERY  OF  JUPITER'S 
SATELLITES. 

This  discovery,  one  of  the  first  fruits  of  the  invention  of  the 
telescope,  and  of  Galileo's  early  and  happy  idea  of  directing  its 
newly-found  powers  to  the  examination  of  the  heavens,  forms 
one  of  the  most  memorable  epochs  in  the  history  of  astronomy. 
The  first  astronomical  solution  of  the  great  problem  oi  the 
longitude,  practically  the  most  important  for  the  interests  of 
mankind  which  has  ever  been  brought  under  the  dominion  of 
strict  scientific  principles,  dates  immediately  from  this  disco- 
very. The  final  and  conclusive  establishment  of  the  Coperni- 
can  system  of  astronomy  may  also  be  considered  as  referable 
to  the  discovery  and  study  of  this  exquisite  miniature  system, 
in  which  the  laws  of  the  planetary  motions,  as  ascertained  by 
Kepler,  and  specially  that  which  connects  their  periods  and 
distances,  were  specially  traced,  and  found  to  be  satisfactorily 
maintained.  And  (as  if  to  accumulate  historical  interest  on 
this  point)  it  is  to  the  observation  of  the  eclipses  of  J upiter's 
satellites  that  we  owe  the  grand  discovery  of  the  aberration  of 
light,  and  the  consequent  determination  of  the  enormous  velo- 
city of  that  wonderful  element— 192,000  miles  per  second.  Mr. 
Dawes,  in  1849,  first  noticed  the  existence  of  round,  well-de- 
fined, bright  spots  on  the  belts  of  Jupiter.  They  vary  in  situa- 
tion and  number,  as  many  as  ten  having  been  seen  on  one 
occasion.  As  the  belts  of  Jupiter  have  been  ascribed  to  tho 
existence  of  currents  analogous  to  our  trade-winds,  causing  the 
body  of  Jupiter  to  be  visible  through  his  cloudy  atmosphere,  Sir 
John  Herschel  conjectures  that  those  bright  spots  may  possibly 
be  insulated  masses  of  clouds  of  local  origin,  similar  to  the 
cumuli  which  sometimes  cap  ascending  columns  of  vapour  in 
our  atmosphere. 

It  would  require  nearly  1300  ijlobes  cf  the  size  of  our  earth 
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to  make  one  of  the  bulk  of  Jupiter.  A  railway-engine  travel- 
ling at  the  rate  of  thirty-three  miles  an  hour  would  travel 
round  the  earth  in  a  month,  but  would  require  more  than 
eleven  months  to  perform  a  journey  round  Jupiter. 

WAS  Saturn's  king  known  to  the  ancients  ? 
In  Maurice's  Indian  Antiqidties  is  an  engraving  of  Sani, 
the  Saturn  of  the  Hindoos,  taken  from  an  image  in  a  very  an- 
cient pagoda,  which  represents  the  deity  encompassed  by  a  ring 
formed  of  two  serpents.    Hence  it  is  inferred  that  the  ancients 
•were  acquainted  with  the  existence  of  the  ring  of  Saturn. 

Arago  mentions  the  remarkable  fact  of  the  ring  and  fourth 
satellite  of  Saturn  having  been  seen  by  Sir  W.  Herschel  with 
his  smaller  telescope  by  the  naked  eye,  without  any  eye-piece. 

The  first  or  innermost  of  Saturn's  satellites  is  nearer  to  the 
central  body  than  any  other  of  the  secondary  planets.  Its  dis- 
tance from  the  centre  of  Saturn  is  80,088  miles ;  from  the  sur- 
face of  the  planet  47,480  miles;  and  from  the  outmost  edge  of 
the  rmg  only  4916  miles.  The  traveller  may  form  to  himself 
an  estimate  of  the  smallness  of  this  amount  by  remembering 
the  statement  of  the  well-known  navigator,  Captain  Beechey 
that  he  had  in  three  years  passed  over  72,800  miles.  ' 

According  to  very  recent  observations,  Saturn's  ring  is  di- 
vided mio  three  separate  rings,  which,  from  the  calculations 
ot  Mr.  Bond,  an  American  astronomer,  must  be  fluid.  He  is 
of  opinion  that  the  number  of  rings  is  continually  changing, 
and  that  their  maximum  number,  in  the  normal  condition  of 
the  mass,  does  not  exceed  twenty.  Mr.  Bond  likewise  maintains 
that  the  power  which  sustains  the  centre  of  gravity  of  the  rinq 
IS  not  in  the  planet  itself,  but  in  its  satellites ;  and  the  satellites, 
though  constantly  disturbing  the  ring,  actually  sustain  it  in  the 
very  act  of  perturbation.  M.  Otto  Struve  and  Mr.  Bond  have 
ately  studied  with  the  gi-eat  Munich  telescope,  at  the  observa- 
tory of  Pulkowa,  the  third  ring  of  Saturn,  which  Mr.  Lasselland 
Mr.  Bond  discovered  to  hQ  fluid.  They  saw  distinctly  the  dark 
interval  between  this  fluid  ring  and  the  two  old  ones,  and  even 
measured  its  dimensions ;  and  they  perceived  at  its  inner  mar-  , 
bm  an  edge  feebly  illummated,  which  they  thought  might  bo 
n?ni  fl'  'I "  -^""^'^^  astronomers^re  of 

hTf^A  f  ^' "^^-^i  of  very  recent  formation,  and 
t  pvti  n?.l  '""^^'"^  '""^'^  "b'^^Se;  and  they  have  come  to 
fas  W  Ibi"?-"^  conclusion,  that  the  inner  border  of  the  ring 
fthp'  bodv  r  ^^ygf been  gradually  approaching  tS 
,he  body  of  Saturn,  and  that  we  may  expect,  sooner  or  later 
perhaps  m  sora,  dozen  of  years,  to  seethe  Hngs  unZdZit  the 
S:{dtn&.        ''''  observeTs^  pfo! 

a 
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TEMPEKATUEE  OF  THE  PLANET  MERCURY. 

Mercury  being  so  much  nearer  to  the  Sun  than  the  Earth, 
he  receives,  it  is  supposed,  seven  times  more  heat  than  the 
earth.  Mrs.  Somerville  says :  "  On  Mercury,  the  mean  heat 
arising  from  the  intensity  of  the  sun's  rays  must  be  above  that 
of  boiling  quicksilver,  and  water  would  boil  even  at  the  poles.' 
But  he  may  be  provided  with  an  atmosphere  so  constituted  as 
to  absorb  or  reflect  a  great  portion  of  the  superabundant  heat ; 
so  that  his  inhabitants  (if  he  have  any)  may  enjoy  a  chmate  as 
temperate  as  any  on  our  globe. 

SPECULATIONS  ON  VESTA  AND  PALLAS. 

The  most  remarkable  peculiarities  of  these  ultra-zodiacal 
planets,  according  to  Sir  John  Herschel,  mustUe  in  this  condi- 
tion of  their  state :  a  man  placed  on  one  of  them  would  spring 
with  ease  sixty  feet  high,  and  sustain  no  greater  shock  in  his 
descent  than  he  does  on  the  earth  from  leaping  a  yard.  On 
such  planets,  giants  might  exist;  and  those  enormous  animals 
which  on  the  earth  require  the  buoyant  power  of  water  to  coun- 
teract their  weight,  might  there  be  denizens  of  the  land.  But 
of  such  speculations  there  is  no  end. 

IS  THE  PLANET  MARS  INHABITED  ? 

The  opponents  of  the  doctrine  of  the  Plurality  9^  Worlds 
allow  that  a  greater  probabUity  exists  of  Marsjjeing  inhabited 
San  in  the  case  of  any  other  planet.  His  diameter  is  4100 
mUes;  and  his  surface  exhibits  spots  of  diflferent  hues -the 
Saraccording  to  Sir  John  Herschel,  being  green,  and  the  land 
rS  "  The  variety  in  the  spots,"  says  this  astronomer,  may 
Irise  from  the  planet  not  being  destitute  o  atmosphere  and 
cloud  ;  and  what  adds  greatly  to  the  Pf  .^^^^^^^/^^  J. 'l^^^ 
appearance  of  brilliant  white  spots  at  ^ts  poles  which  have 
been  conjectured,  with  some  probabihty,  toj)^  suo>^^^  f  j'lg 
disappeai  when  they  have  been  long  exposed  to  the  sun  and  are 

greatest  when  emerging  from  the  If  g^^^^^^.'X 
winter,  the  snow-line  then  extending  tr^^^'^^v  S  Brea- 
the pole."    "  The  length  of  the  day,"  says  Sir  David  Brew 
Iter  ''  is  almost  exactl|  twenty-four  hours,-the  same  as  that 
of  the  earth^    Continents  and  oceans  and  green  savannahs 
have  been  observed  upon  Mars,  and  the  snow  of      po^a^ - 
crions  has  been  seen  to  disappear  with  the  heat  ot  summe 
^'e  Actually  see  the  clouds  floating  in  ^^^^^'^'^^,^'^2 
and  there  is  the  appearance  of  land  f^"^  X.lTlt^o^nheve  of 
In  a  sketch  of  this  planet,  as  seen  in  the  pure  atmospliere  o 
Calcutta  by  Mr.  Grant,  it  appears,  to  use  his  words,  actually 
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as  a  little  world,"  and  as  the  earth  would  appear  at  a  distance, 
with  its  seas  and  continents  of  different  shades.  As  the  dia- 
meter of  Mars  is  only  about  one  half  that  of  our  earth,  the 
weight  of  bodies  will  be  about  one  half  what  it  would  be  if  they 
were  placed  upon  our  globe. 


DISCOVERY  OF  THE  PLANET  NEPTUNE. 

This  noble  discovery  marked  in  a  signal  manner  the  matu- 
rity of  astronomical  science.  The  proof,  or  at  least  the  urgent 
presumption,  of  the  existence  of  such  a  planet,  as  a  means 
of  accounting  (by  its  attraction)  for  certain  small  irregularities 
observed  in  the  motions  of  Uranus,  was  afforded  almost  simul- 
taneously by  the  independent  researches  of  two  geometers, 
Mr.  Adams  of  Cambridge,  and  M.  Leverrier  of  Paris,  who  were 
enabled /ro7?i  t/ieovT/  alone  to  calculate  whereabouts  it  ought 
to  appear  in  the  heavens,  if  visible,  the  places  thus  indepen- 
dently calculated  agreeing  surprisingly.  Within  a  single  de- 
gree of  the  place  assigned  by  M.  Leverrier's  calculations,  and 
by  him  communicated  to  Dr.  Galle  of  the  Royal  Observatory 
at  Berlin,  it  was  actually  found  by  that  astronomer  on  the  very 
first  night  after  the  receipt  of  that  communication,  on  turning 
a  telescope  on  the  spot,  and  comparing  the  stars  in  its  imme*^ 
diate  neighbourhood  with  those  previously  laid  down  in  one  of 
the  zodiacal  charts.  This  remarkable  verification  of  an  indica- 
tion so  extraordinary  took  place  on  the  23d  of  September  1846.* 
— Sir  John  HerscJieVs  Outlines. 

Neptune  revolves  round  the  sun  in  about  172  years,  at  a 
mean  distance  of  thirty,— that  of  Umnus  being  nineteen,  and 
that  of  the  earth  one  :  and  by  its  discovery  the  solar  system 
has  been  extended  one  thousand  millions  of  miles  beyond  its 
fonner  limit. 

Neptune  is  suspected  to  have  a  ring,  but  the  suspicion  has 
not  been  confirmed.  It  has  been  demonstrated  by  the  obser- 
vations of  Mr.  LasseU,  M.  Otto  Struve,  and  Mr.  Bond,  to  be 
attended  by  at  least  one  satellite. 

One  of  the  most  curious  facts  brought  to  light  by  the  dis- 
covery of  Neptune,  is  the  failure  of  Bode's  law  to  give  an  ap- 
proximation to  its  distance  from  the  sun  ;  a  striking  exempli- 
tication  of  the  danger  of  trusting  to  the  universal  applicabilitv 
of  an  empirical  law.    After  standing  the  severe  test  which  led 

»v.,L^/?^t^^*""  C*'*"'^'  of  *e  Cambridge  Observatory,  directing  the  Northum- 
berland telescope  of  tliat  institution  to  the  place  assigned  by  Mr  Adams's  caH 
lations  and  ,ts  vicinity  on  the  4th  and  12th  of  August  1846.  saw  thrnlanet  o^^ 

«nn  *  Hp'  h^^''  """^  ^^"""'^  ^hose  of  Other  8  arsTfoV  re^obse vva 

tlon.    He,  h,,wever,  postponed  the  comparison  of  the  places  observed  and  not 
possessing  Dr.  Bremiker's  chart  (which  would  at  once  have  indlcLIed  the  m-e 
sence  of  an  unmapped  star),  remained  in  ignorance  of  the  planet's  existence  as  a 
Visible  object  till  the  announcement  of  such  by  Dr  Galle  e^tistence  ah  a 
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to  the  discovery  of  the  asteroids,  it  seemed  almost  contrary  to 
the  laws  of  probability  that  the  discovery  of  another  member 
of  the  planetary  system  should  prove  its  failure  as  an  univer- 
sal rule. 

MAGNITUDE  OF  COMETS. 

Although  Comets  have  a  smaller  mass  than  any  other  cos- 
mical  bodies— being,  according  to  our  present  knowledge,  pro- 
bably not  equal  to  -^th.  part  of  the  earth's  mass— yet  they 
occupy  the  largest  space,  as  their  tails  in  several  mstances  ex- 
tend over  many  millions  of  miles.  The  cone  of  luminous  va- 
pour which  radiates  from  them  has  been  found  in  some  cases 
(as  in  1680  and  1811)  equal  to  the  length  of  the  earth's  distance 
from  the  sun,  forming  a  line  that  intersects  both  the  orbits  of 
Venus  and  Mercury.  It  is  even  probable  that  the  vapour  of 
the  tails  of  comets  mingled  with  our  atmosphere  in  the  years 
1819  and  1823. — Humboldt's  Cosmos,  vol.  i. 

COMETS  VISIBLE  IN  SUNSHINE — THE  GREAT  COMET  OF  1843. 

The  phenomenon  of  the  tail  of  a  Comet  being  visible  in 
bright  Sunshine,  which  is  recorded  of  the  comet  of  1402  oc- 
curred again  in  the  case  of  the  large  comet  of  1843,  whose 
nucleus  and  tail  were  seen  in  North  America  February  28th 
(according  to  the  testimony  of  J.  G.  Clarke,  of  Portland,  State 
of  Maine),  between  one  and  three  o'clock  m  the  afternoon. 
The  distance  of  the  very  dense  nucleus  from  the  suns  light 
admitted  of  being  measured  with  much  exactness,  ihe  nu- 
cleus and  tail  (a  darker  space  intervening)  appeared  hke  a  very 
pure  white  clond.— American  Journal  of  Science,  vol.  xiv 
^  E.  C.  Otte,  the  translator  of  Bohn's  edition  of  Humboldt  s 
Cosmos,  at  New  Bedford,  Massachusetts,  U.S.,  Feb  fth,  1843 
distinctly  saw  the  above  comet  between  one  and  two  in  the 
afternoon.  The  sky  at  the  time  was  intensely  blue  and  the 
sun  shining  with  a  dazzling  brightness  unknown  m  European 

"^'""Ttis  Very  remarkable  Comet,  seen  in  England  on  the  17th 
of  March  1843,  had  a  nucleus  with  the  appearance  of  a  planeta^ 
disc  and  the  brightness  of  a  star  of  the  first  or  second  magni- 
tude It  had  a  double  tail  divided  by  a  dark  hue.  At  the 
Cape  of  Good  Hope  it  was  seen  in  full  daylight,  and  m  the  im- 
Siate  vbinity'of  the  sea;  but  tl^e  most  ^^^^^^^^^^ 
its  history  was  its  near  approach  to  the  sun,  its  distance  iron 

puted  that  it  must  have  been  24  times  greater  than  that  ^^hlcn 
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was  produced  in  the  focus  of  Parker's  burning  lens,  32  inches 
in  diameter,  which  melts  crystals  of  quartz  and  agate.* 

THE  MILKY  WAY  UNFATHOMABLE. 

M.  Struve  of  Pulkowa  has  compared  Sir  William  Herschel's 
opinion  on  this  subject,  as  maintained  in  1785,  with  that  to 
which  he  was  subsequently  led ;  and  arrives  at  the  conclusion 
that,  according  to  Sir  W.  Herschel  himself,  the  visible  extent 
of  the  Milky  Way  increases  with  the  penetrating  power  of  the 
telescopes  employed ;  that  it  is  impossible  to  discover  by  his 
instruments  the  termination  of  the  Milky  Way  (as  an  inde- 
pendent cluster  of  stars)  ;  and  that  even  his  gigantic  telescope 
of  forty  feet  focal  length  does  not  enable  him  to  extend  our 
knowledge  of  the  Milky  Way,  which  is  incapable  of  being 
sounded.  Sir  William  Herschel's  Tluory  of  the  Milky  Way  was 
as  follows  :  He  considered  our  solar  system,  and  all  the  stars 
which  we  can  see  with  the  eye,  as  placed  within,  and  consti- 
tuting a  part  of,  the  nebula  of  the  Milky  Way,  a  congeries  of 
many  millions  of  stars,  so  that  the  projection  of  these  stars 
must  form  a  luminous  track  on  the  concavity  of  the  sky  ;  and 
by  estimating  or  counting  the  number  of  stars  in  different  di- 
rections, he  was  able  to  form  a  rude  judgment  of  the  probable 
form  of  the  nebula,  and  of  the  probable  position  of  the  solar 
system  within  it. 

This  remarkable  belt  has  maintained  from  the  earliest  ages 
the  same  relative  situation  among  the  stars ;  and,  when  exa- 
mined through  powerful  telescopes,  is  found  (wonderful  to 
relate  !)  to  comist  entirely  of  stars  scattered  by  millions,  like 
glittering  dust,  on  the  black  ground  of  the  general  heavens. 

DISTANC^:S  OF  NEBULA. 

These  are  truly  astounding.  Sir  William  Herschel  esti- 
mated the  distance  of  the  annular  nebula  between  Beta  and 
Gamma  Lyrte  to  be  from  our  system  950  times  that  of  Sirius  ; 
and  a  globular  cluster  about  5^°  south-east  of  Beta  Sir  William 
computed  to  be  one  thousand  three  hundred  billions  of  miles 
from  our  system.  Again,  in  Scutum  Sobieski  is  one  nebula  in 
the  shape  of  a  horseshoe  ;  but  which,  when  viewed  with  high 
magnifying  power,  presents  a  different  appearance.  Sir  William 
Herschel  estimated  this  nebula  to  be  900  times  farther  from  us 
than  Sirius.  In  some  parts  of  its  vicinity  he  observed  588 
stars  in  his  telescope  at  one  time ;  and  he  counted  258,000  in 
a  space  10°  long  and  2^°  wide.  There  is  a  globular  cluster 
between  the  mouths  of  Pegasus  and  Equuleus,  which  Sir  Wil- 

*  For  several  interesting  details  of  Comets,  see  "  Destruction  of  the  World 
D7  a  Comet,"  la  Popular  Errors  Explained  and  Illustrated,  new  edit.  pp.  165-168. 
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liam  Herschel  estimated  to  be  243  times  farther  from  us  than 
Sirius.  Caroline  Herschel  discovered  in  the  right  foot  of  An- 
dromeda a  nebula  of  enormous  dimensions,  placed  at  an  incon- 
ceivable distance  from  us  :  it  consists  probably  of  myriads  of 
solar  systems,  which,  taken  together,  are  but  a  point  in  the 
universe.  The  nebula  about  10°  west  of  the  principal  star  in 
Triangulum  is  supposed  by  Sir  William  Herschel  to  be  344 
times  the  distance  of  Sirius  from  the  earth,  which  would  be  the 
immense  sum  of  nearly  seventeen  thousand  billions  of  miles 
from  our  planet. 

INFINITE  SPACE. 

After  the  straining  mind  has  exhausted  all  its  resources  in 
attempting  to  fathom  the  distance  of  the  smallest  telescopic 
star,  or  the  faintest  nebula,  it  has  reached  only  the  visible  con- 
fines of  the  sidereal  creation.  The  universe  of  stars  is  but  an 
atom  in  the  universe  of  space;  above  it,  and  beneath  it,  and 
around  it,  there  is  stiU  infinity. 

OEIGIN  OF  OUE  PLANETAEY  SYSTEM.     THE  NEBULAR 
HYPOTHESIS.* 

The  commencement  of  our  Planetary  System,  including  the 
sun,  must,  according  to  Kant  and  Laplace,  be  regarded  as  an 
immense  nebulous  mass  filling  the  portion  of  space  which  is 
now  occupied  by  our  system  far  beyond  the  limits  of  Neptune, 
our  most  distant  planet.  Even  now  we  perhaps  see  similar 
masses  in  the  distant  regions  of  the  firmament,  as  patches  of 
nebula3,  and  nebulous  stars ;  within  our  system  also,  comets, 
the  zodiacal  light,  the  corona  of  the  sun  during  a  total  eclipse, 
exhibit  resemblances  of  a  nebulous  substance,  which  is  so  thin 
that  the  light  of  the  stars  passes  through  it  unenfeebled  and 
unrefracted.  If  we  calculate  the  density  of  the  mass  of  our 
planetary  system,  according  to  the  above  assumption,  for  the 
time  when  it  was  a  nebulous  sphere  which  reached  to  the  path 
of  the  outmost  planet,  we  should  find  that  it  would  require 
several  cubic  miles  of  such  matter  to  weigh  a  single  gi-am.— 
Professor  HehnhoUz.  ' 

A  quarter  of  a  century  ago,  Sir  John  Herschel  expressed  his 
opinion  that  those  nebulse  which  were  not  resolved  into  indivi- 
dual stars  by  the  highest  powers  then  used,  might  be  hereafter 
completely  resolved  by  a  further  increase  of  optical  power : 

•  The  letters  of  Sir  Isaac  Newton  to  Dr.  Bentley,  containing  suggestions  for 
the  Bovle  Lectures,  possess  a  peculiar  interest  in  the  present  day.     They  .-.lion 
4ys  ^ir  nav  d  nn  wster)  "  that  the  nehulnr  hypothesis,  the  dull  and  d«"»?erous 
heresy  of  the  a«e,  is  incompatible  with  the  established  laws  of  the  matenal  un  - 

ve  lefand  that^a,\  omnipotent  arm  was  vcq-'i'-^d  ^l^S'fn'to  them  U  ^ 

tions  and  motions  in  space,  and  a  presiding  ,ntel  i«ence  to  assign  to  them  the 
different  functions  they  had  to  perform.''-/^-/*  of  Newton,  vol.  li. 
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In  fact,  this  probability  has  almost  been  converted  into  a  certainty 
by  the  magnificent  reflecting  telescope  constructed  by  Lord  Rosse,  of 
6  feet  in  aperture,  whiph  has  resolved,  or  rendered  resolvable,  multitudes 
of  nebulae  which  had  resisted  all  inferior  powers.  The  sublimity  of  the 
spectacle  aiforded  by  that  instrument  of  some  of  the  larger  globular  and 
other  clusters  is  declared  by  all  who  have  witnessed  it  to  be  such  as  no 
words  can  express.* 

Although,  therefore,  nebulae  do  exist,  which  even  in  this  powerful 
telescope  appear  as  nebulae,  without  any  sign  of  resolution,  it  may  very 
reasonably  be  doubted  whether  there  be  really  any  essential  physical 
distinction  between  nebulae  and  clusters  of  stars,  at  least  in  the  nature  of 
the  matter  of  which  they  consist ;  and  whether  the  distinction  between 
quch  nebulae  as  are  easily  resolved,  barely  resolvable  with  excellent  tele- 
scopes, and  altogether  irresolvable  with  the  best,  be  any  thing  else  than 
one  of  degree,  arising  merely  from  the  excessive  minuteness  and  multi- 
tude of  the  stars  of  which  the  latter,  as  compared  with  the  former,  con- 
sist.— Outlines  of  Astronomy,  5th  edit.  1858. 

It  should  be  added,  that  Sir  John  Herschel  considers  the 
*'  nebular  hypothesis"  and  the  above  theory  of  sidereal  aggre- 
gation to  stand  quite  independent  of  each  other. 


ORIGIN  OF  HEAT  IN  OUR  SYSTEM. 

Professor  Helmholtz,  assuming  that  at  the  commencement 
the  density  of  the  nebulous  matter  was  a  vanishing  quantity, 
as  compared  w^ith  the  present  density  of  the  sun  and  planets, 
calculates  how  much  work  has  been  performed  by  the  conden- 
sation ;  how  much  of  this  work  still  exists  in  the  form  of  me- 
chanical force,  as  attraction  of  the  planets  towards  the  sun,  and 
as  vis  viva  of  their  motion ;  and  finds  by  this  how  much  of  the 
force  has  been  converted  into  heat. 

The  result  of  this  calculation  is,  that  only  about  the  45th  part  of 
the  original  mechanical  force  remains  as  such,  and  tliat  the  remainder, 
converted  into  heat,  would  he  Ruflicient  to  raise  a  mass  of  water  equal  to 
the  sun  and  planets  taken  togotuer,  net  iMg  tnan  28,000,000  of  degrees 
of  Lha  oentjgrside  scale.  For  the  sake  of  comparison.  Professor  Helm- 
holtz mentions  that  the  highest  temperature  which  we  can  produce  by 
the  oxy-hydrogen  blowpipe,  which  is  sufficient  to  vaporise  even  platina, 
and  which  but  few  bodies  can  endure,  is  estimated  at  about  2000  degrees. 
Of  the  action  of  a  temperature  of  28,000.000  of  such  degrees  we  can 
form  no  notion.  If  the  mass  of  our  entire  system  were  of  pure  coal, 
by  the  combustion  of  the  whole  of  it  only  the  350th  part  of  the  above 
quantity  would  be  generated. 

The  store  of  force  at  present  possessed  by  our  system  is  equivalent 
to  immense  quantities  of  heat.  If  our  earth  were  by  a  sudden  shock 
brought  to  rest  in  her  orbit— which  is  not  to  be  feared  in  the  existing 
arrangement  of  our  system— by  such  a  shock  a  quantity  of  heat  would 
be  generated  equal  to  that  produced  by  the  combustion  of  fourteen  such 
earths  of  solid  coal.  Making  the  most  unfavourable  assumption  as  to 
Its  capacity  for  heat,  that  is,  placing  it  equal  to  that  of  water,  the  mass 

*  The  constitution  of  the  nehulrei  in  the  constellation  of  Orion  has  been  re- 
solved by  this  instrument;  and  by  its  aid  the  stars  of  wliich  it  is  composed 
burst  upon  the  sight  of  man  for  the  first  time. 
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of  the  earth  wouM  thereby  be  heated  11,200'  ;  it  would  therefore  be  quite 
fused,  and  for  the  most  part  reduced  to  vapour.  If,  then,  the  earth, 
after  having  been  thus  brought  to  rest,  should  fgiU  into  the  sun,  which 
of  course  would  be  the  case,  the  quantity  of  heat  developed  by  the  shock 
would  be  400  times  greater. 

AN  astronomer's  DREAM  VERIFIED. 

The  most  fertile  region  in  astronomical  discovery  during 
the  last  quarter  of  a  century  has  been  the  planetary  members 
of  the  solar  system.  In  1833,  Sir  John  Herschel  enumerated  ten 
planets  as  visible  from  the  earth,  either  by  the  unaided  eye  or 
by  the  telescope ;  the  number  is  now  increased  more  than  five- 
fold. With  the  exception  of  Neptune,  the  discovery  of  new- 
planets  is  confined  to  the  class  called  Asteroids.  These  all 
revolve  in  elliptic  orbits  between  those  of  Jupiter  and  Mars. 
Zitius  of  Wittemberg  discovered  an  empirical  law,  which 
seemed  to  govern  the  distances  of  the  planets  from  the  sun ; 
but  there  was  a  remarkable  interruption  in  the  law,  according 
to  which  a  planet  ought  to  have  been  placed  between  Mars  and 
Jupiter.  Professor  Bode  of  Berlin  directed  the  attention  of 
astronomers  to  the  possibility  of  such  a  planet  existing ;  and 
in  seven  years'  observations  from  the  commencement  of  the 
present  century,  not  one  but  four  planets  were  found,  diflfering 
w^idely  from  one  another  in  the  elements  of  their  orbits,  but 
agreeing  very  nearly  at  their  mean  distances  from  the  sun  with 
that  of  the  supposed  planet.  This  curious  coincidence  of  the 
mean  distances  of  these  four  asteroids  with  the  planet  accord- 
ing to  Bode's  law,  as  it  is  generally  called,  led  to  the  conjecture 
that  these  four  planets  were  but  fragments  of  the  missing 
planet,  blown  to  atoms  by  some  internal  explosion,  and  that 
many  more  fragments  might  exist,  and  be  possibly  discovered 
by  diligent  search. 

Concerning  this  apparently  wild  hypothesis,  Sir  J ohn  Her- 
schel oflFered  the  following  remarkable  apology :  "  This  may 
serve  as  a  specimen  of  the  dreams  in  which  astronomers,  like 
other  speculators,  occasionally  and  harmlessly  indulge." 

The  dream,  wild  as  it  appeared,  has  been  realised  now.  Sir 
John,  in  the  fifth  edition  of  his  Outlines  of  Astronomy,  published 
in  1858,  tells  us : 

Whatever  may  be  thought  of  such  a  speculation  as  a  physical  hypo- 
thesis, this  conclusion  has  been  verified  to  a  considerable  extent  as  a 
matter  of  fact  by  subsequent  discovery,  the  result  of  a  careful  and  mi- 
nute examination  and  mapping  down  of  the  smaller  stai-s  in  and  near 
the  zodiac,  undertaken  with  that  express  object.  Zodiacal  charts  of  this 
kind,  the  product  of  the  zeal  and  industry  of  many  astronomers,  havo 
been  constructed,  in  which  every  star  down  to  the  ninth,  tenth,  or  even 
lower  magnitudes,  is  inserted  ;  and  these  stars  being  compared  with  the 
actual  stars  of  the  heavens,  the  intrusion  of  any  stranger  within  their 
limits  cannot  fail  to  be  noticed  when  the  comparison  is  systematically 
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conducted.  The  discovery  of  Astrjea  and  Hebe  by  Professor  Heucke, 
in  1845  and  1847,  revived  the  flagging  spirit  of  inquiry  in  this  direction ; 
with  what  success,  the  list  of  fifty-two  asteroids,  with  their  names  and 
the  dates  of  their  discovery,  will  best  show.  The  labours  of  our  indefa- 
tigable countryman,  Mr.  Hind,  have  been  rewarded  by  the  discovery  of 
no  less  than  eight  of  them. 

FIKE-BALLS  AND  SHOOTING-  STARS. 

Humboldt  relates,  that  a  friend  at  Popayan,  at  an  elevation 
of  5583  feet  above  the  sea-level,  at  noon,  when  the  sun  was 
shining  brightly  in  a  cloudless  sky,  saw  his  room  lighted  up  by 
a  fire-ball :  he  had  his  back  towards  the  window  at  the  time, 
and  on  turning  round,  perceived  that  great  part  of  the  path 
traversed  by  the  fire-ball  was  still  illuminated  by  the  brightest 
radiance.  The  Germans  call  these  phenomena  star-snuf,  from 
the  vulgar  notion  that  the  lights  in  the  firmament  undergo  a 
process  of  snuffing,  or  cleaning.  Other  nations  call  it  a  shot  or 
faU  of  stars,  and  the  English  star-shoot.  Certain  tribes  of  the 
Orinoco  term  the  pearly  drops  of  dew  which  cover  the  beautiful 
eaves  of  the  heliconia  star-spit.  In  the  Lithuanian  mythology, 
the  nature  and  signification  of  falling  stars  are  embodied  under 
aobler  and  more  graceful  symbols.  The  Parcse,  Werpeja,  weave 
n  heaven  for  the  new-born  child  its  thread  of  fate,  attaching 
;ach  separate  thread  to  a  star.  When  death  approaches  the 
)erson,  the  thread  is  rent,  and  the  star  wanes  and  sinks  to  the 
jarth. — Jacob  Grimm. 

THEOEY  AND  EXPERIENCE. 

In  the  perpetual  vicissitude  of  theoretical  views,  says  the 
luthor  of  Giordano  Bruno,  "most  men  see  nothing  in  philo- 
lophy  but  a  succession  of  passing  meteors ;  whilst  even  the 
grander  forms  in  which  she  has  revealed  herself  share  the  fate 
»f  comets,— bodies  that  do  not  rank  in  popular  opinion  amongst 
he  external  and  permanent  works  of  nature,  but  are  regarded 
mere  fugitive  apparitions  of  igneous  vapour." 

METEORITES  FROM  THE  MOON. 

The  hypothesis  of  the  selenic  origin  of  meteoric  stones  de- 
fends upon  a  number  of  conditions,  the  accidental  coincidence 
t  which  could  alone  convert  a  possijile  to  an  actual  fact.  The 
le^yof  the  original  existence  of  small  planetary  masses  in  space 
}  simpler,  and  at  the  same  time  more  analogous  with  those 
ntertaiued  ccziceming  the  formation  of  other  portions  of  the 
olar  system. 

Diogenes  Laertius  thought  aerolites  came  from  the  sun  •  but  Plinv 
endes  this  theory.    The  tall  of  aerolites  in  bright  sunshre  aVd  wS 
IJZ    \  ^'^"^  ^""^  invisible  probably  led  to  the  idea  of  sun-stTes 
■Toi-eovor  Anaxagoras  regarded  the  ^  as  "  a  molten  fiery  mass  "and 
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Euripides,  in  Phaeton,  terms  the  sun  "a  golden  mass,"  that  is  to  say, 
a  fire-coloured,  brightly-shining  matter,  but  not  leading  to  the  mfer- 
ence  that  aerolites  are  golden  sun-stones.  The  Greek  philosophers  had 
four  hypotheses  as  to  their  origin  :  teUuric,  from  ascendmg  exhalations; 
masses  of  stone  raised  by  hurricanes;  a  solar  origin  ;  and  lastly,  an 
origin  in  the  regions  of  space,  as  heavenly  bodies  which  had  long  re- 
mained invisible  :  the  last  opinion  entirely  according  with  that  of  the 

^^^Chltdnf  states  that  an  Italian  physicist,  Paolo  Maria  Terzago,  on 
the  occasion  of  the  fall  of  an  aerolite  at  Milan,  in  1660,  by  which  a  Fran- 
ciscan monk  was  killed,  was  the  first  who  surmised  that  aerohtes  were 
of  selenic  origin.    Without  any  previous  knowledge  of  this  conjecture, 
Olbers  was  led,  in  1795  (after  the  celebrated  fall  at  Siena  June  16th, 
1794)   to  investigate  the  amount  of  the  initial  tangential  force  that 
would  be  required  to  bring  to  the  earth  masses  projected  fro™ 
moon.    Olbers,  Brandos,  and  Chaldni  thought  that  "the  velocity  of  16 
to  32  miles,  with  which  fire-balls  and  shooting-stars  entered  our  atmo- 
sphere," furnished  a  refutation  to  the  view  of  their  selemc  ongin.  Ac- 
cording to  Olbers,  it  would  require  to  reach  the  earth,  setting  aside  the 
JesSce  of  the  air,  an  initial  velocity  of  8292  feet  m  the  second  ;  ac. 
cording  to  Laplace,  7862 ;  to  Biot,  8282 ;  and  to  Poisson,  7595.  Laplace 
states  that  this  velocity  is  only  five  or  six  times  as  great  as  that  of  a 
cannon-ball ;  but  Olbers  has  shown  that  "  with  such  an  mitial  velocity 
Z  lZ  or  8000  feet  in  a  second  meteoric  stones  w^^^^^^  SIhe  mea! 
surface  of  our  earth  with  a  velocity  of  only  ^=>'000  feet      Bat  the  mea- 
sured velocity  of  meteoric  stones  averages  upw^^.^^s     ^  V'  .^™nn 
seSnd    consequently  the  original  velocity  of  projection  from  the  moon 
must  be  almost  110,000  feet,  aSd  therefore  14  times  greater  than  Laplace 
re^\el'  rlslrhowever',  be  recollected,  that  tlie  op^^^^^^  P- 
valent,  of  the  existence  of  active  volcanoes  in  the  moon,  where  an:  ana 
wnt«r  nrft  absent,  has  since  been  abandoned. 

Tapkoe  elsewhere  .tate..  that  in  «"  P>^>»™'!'.  ""^^a  tht  hT 
from  the  depths  of  spaee  ;"  yet  he  in  another  passage  mchnes  to  the  hy 
^asSs  onElun^r  origin';  always,  howeyer,  — g 

XT"ce2roS.ts-Sth  nf  nTre^^S^^^^^ 

edition).  »  j 

Dr.  Laurence  Smith,  U.S.,  accepts  the  "lunar  theory  and 
condders  meteorites  to  be  ^^f^^hrown  oflf  from  the  , 
thp  attractive  power  of  which  is  but  one-sixth  that  ot  the  eartn , 
80  thft  Sies&n  from  the  surface  of  the  moon  experience 
Tut  one  s'xth  the  retarding  force  they  would  have  when  thrown 
from  the  ^^fth's  surface  ,,,,,itution  of  the  meteorite, 

Look  ^g?;^.  ?i«???oi  It^^^^^  evidently  from  some  place 
made  up  principally  ot  \r  ^  ^as  no  atmosphere, 

where  there  is  litt  e  or  no  "^yg^^^-^^.^j^'^o  oxygen  there.    Huried  from 
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to  be  the  case  with  all  meteorites, — the  black  colour  is  only  an  external 
covering. 

Sir  Humphry  Davy,  from  facts  contained  in  his  researches 
on  flame,  in  1817,  conceives  that  the  light  of  meteors  depends, 
not  upon  the  ignition  of  inflammable  gases,  but  upon  that  of 
solid  bodies ;  that  such  is  their  velocity  of  motion,  as  to  excite 
(Buflicient  heat  for  their  ignition  by  the  compression  even  of 
:rare  air;  and  that  the  phenomena  of  falling  stars  maybe  ex- 
p  lamed  by  regarding  them  as  small  incombustible  bodies  mov- 
ing round  the  earth  in  very  eccentric  orbits,  and  becoming 
-lilted  only  when  they  pass  with  immense  rapidity  through 
l^-  u^^^^  regions  of  the  atmosphere ;  whilst  those  meteors 
>\  hich  throw  down  stony  bodies  are,  similarly  circumstanced, 
jombustible  masses. 

Masses  of  iron  and  nickel,  having  all  the  appearance  of 
lerolites  or  meteoric  stones,  have  been  discovered  in  Siberia, 
>  t  a  depth  of  ten  metres  below  the  surface  of  the  earth.  Prom 
he  fact,  however,  that  no  meteoric  stones  are  found  in  the 
iccondary  and  tertiary  formations,  it  would  seem  to  follow  that 
he  phenomena  of  fiilling  stones  did  not  take  place  tiU  the  earth 
issumed  its  present  conditions. 

VAST  SHOWER  OF  METEORS. 

The  most  magnificent  Shower  of  Meteors  that  has  ever  been 
aiown  was  that  which  fell  during  the  night  of  November  12th. 
8.33  commencing  at  nine  o'clock  in  the  evening,  and  continu- 
ng  till  the  morning  sun  concealed  the  meteors  from  view.  This 
liower  extended  from  Canada  to  the  northern  boundary  of  South 
unenca,  and  over  a  tract  of  nearly  3000  mUes  in  width. 

IMMENSE  METEORITE. 

.Airs.  SomerviUe  mentions  a  Meteorite  which  passed  within 

ool^o      """^"'a  f       P^^.^?'  to  weigh 

00,000  tons  and  to  move  with  a  velocity  of  twenty  miles  in  a 

hn-fr-th  ^"1"  '^f  ^'^^"^^"^     'h^^  '^^'^^^  mLT  reLhed 
[10  eai  th     Four  instances  are  recorded  of  persons  being  killed 
y  their  foil.   A  block  of  stone  fell  at  ^gos  Potamos  b  c  465 
J  large  as  two  millstones ;  another  at  Ann,  inS^T,'  p^cted 

as  seen  to  fall.    The  Emperor  Jehangire  had  a  sword  forged 

^-  Sixteen  instances  of  the  fall  of  stones  in  the 

0  o?th  'r^    '  r^^^^'^'-fio^^^^  to  have  occurrence 
Lfonl  T      ^'^K^^'i.-  very  remarkable  that  no  new 

emical  element  has  been  detected  in  any  of  the  numerZ 
uteorites  which  have  been  analysed.  ixumerous 
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NO  FOSSIL  METEORIC  STONES. 

It  is  (says  Olbers)  a  remarkable  but  hitherto  unregarded 
fact,  that  while  shells  are  found  in  secondary  and  tertiary  for- 
mations, no  Fossil  Meteoric  Stones  have  as  yet  been  discovered. 
May  we  conclude  from  this  circumstance,  that  previous  to  tne 
present  and  last  modification  of  the  earth's  surface  no  meteonc 
stones  fell  on  it,  though  at  the  present  time  it  appears  probable, 
from  the  researches  of  Schreibers,  that  700  fall  annually 

THE  END  OF  OUR  SYSTEM. 

While  all  the  phenomena  in  the  heavens  indicate  a  law  of 
progressive  creation,  in  which  revolving  matter  is  distributed 
into  suns  and  planets,  there  are  indications  in  our  own  system 
that  a  period  iias  been  assigned  for  its  duration,  which,  sooner 
or  la.ter,  it  must  reach.    The  medium  which  fills  universal 
space,  whether  it  be  a  luminiferous  ether,  or  arise  from  the 
indefinite  expansion  of  planetary  atmospheres,  must  retard  the 
bodies  which  move  in  .t,  even  were  it  360,000  millions  of  times 
more  i-are  than  atmospheric  air;  and  with  its  time  of  revo- 
lution gradually  shortening,  the  satellite  must_  return  to  ts 
planet,  the  planet  to  its  sun,  and  the  sun  to  its  primeval  nebula. 
The  fate  of  our  system,  thus  deduced  from  mechamcal  la^s, 
must  be  the  fate  of  all  others.    Motion  cannot  be  V^m^^^^l^ 
in  a  resisting  medium  ;  and  where  there  exist  disturbing  for-cc  , 
there  must  be  primarily  derangement,  and  ultimately  run. 
From  the  great  centi-al  iass,  heat  may  again  be  summoned  to 
exhale  nebulous  matter ;  chemical  forces  may  agaui  produce 
motion,  and  motion  may  again  generate  systems ;  but,  as  ni 
the  recurring  catastrophes  which  have  desolated  our  earth,  the 
™t  FTrst  Cause  must  preside  at  the  dawn  of  each  cosmical 
^Idp  .  and,  as  in  the  animal  races  which  were  successively  rc- 
p^roduced  new  celestial  creations  of  a  nobler  forna  of  beauty 
?nd  of  a  hi-her  form  of  permanence  may  yet  appear  m  the 
s  derSl  uidverse.    "  Behold,  I  create  new  heavens  and  a  n 
earth,  and  the  former  shall  not  be  remembered.        The  new 
Wens  and  the  new  earth  shall  remam  before  me./      Let  us 
S  theCaccording  to  this  promise,  for  the  ««w  heaven  and 
the  new  earth,  wherehi  dwelleth  righteousness. "-iVor^A-^/  disk 
lievieio,  No.  3.  , 

BENEFITS  OF  GLASS  TO  MAN. 

.  SeverM  specin.ens  of  ..eteoric  Iron  are  to  be  seen  iu  the  Mincr.alogiaa 
Collection  in  the  British  Museum. 
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pleasures  of  sight  to  the  old ;  that  it  would  one  day  assist  the 
istronomer  in  penetrating  the  depths  of  the  heavens,  and  in 
lumbering  the  stars  of  the  Milky  Way ;  that  it  would  lay  open 
o  the  naturalist  a  miniature  world,  as  populous,  as  rich  in 
wonders  as  that  which  alone  seemed  to  have  been  granted  to 
lis  senses  and  his  contemplation :  in  fine,  that  the  most  simple 
md  direct  use  of  it  would  enable  the  inhabitants  of  the  coast 
jf  thfe  Baltic  Sea  to  build  palaces  more  magnificent  than  those 
)f  Tyre  and  Memphis,  and  to  cultivate,  almost  under  the  polar 
jircle,  the  most  delicious  fruit  of  the  torrid  zone." 

TJIE  GALILEAN  TELESCOPE. 

Galileo  appears  to  be  justly  entitled  to  the  honour  of  hav- 
ing invented  that  form  of  Telescope  which  still  bears  his  name ; 
ivhile  we  must  accord  to  John  Lippershey,  the  spectacle-maker 
)f  Middleburg,  the  honour  of  having  previously  invented  the 
istronomical  telescope.  The  interest  excited  at  Venice  by 
Galileo's  invention  amounted  almost  to  frenzy.  On  ascending 
rbe  tower  of  St.  Mark,  that  he  might  use  one  of  his  telescopes 
vithout  molestation,  Galileo  was  recognised  by  a  crowd  in  the 
treet,  who  took  possession  of  the  wondrous  tube,  and  detained 
he  impatient  philosopher  for  several  hours,  till  they  had  suc- 
sessively  witnessed  its  effects.  These  instruments  were  soon 
nanufactured  in  great  numbers ;  but  were  purchased  merely  as 
)hilosophical  toys,  and  were  carried  by  travellers  into  every 
jomer  of  Europe. 

WHAT  GALILEO  FIRST  SAW  WITH  HIS  TELESCOPE. 

The  moon  displayed  to  him  her  mountain-ranges  and  her 
'lens,  her  continents  and  her  highlands,  now  lying  in  dark- 
less, now  brilliant  with  sunshine,  and  undergoing  all  those 
variations  of  light  and  shadow  which  the  surface  of  our  own 
^lobe  presents  to  the  alpine  traveller  or  to  the  aeronaut.  The 
bur  satellites  of  J upiter  illuminating  their  planet,  and  sufifer- 
ng  eclipses  in  his  shadow,  like  our  own  moon ;  the  spots  on 
;he  sun's  disc,  proving  his  rotation  round  his  axis  in  twenty- 
ive  days ;  the  crescent  phases  of  Venus,  and  the  triple  form 
)r  the  imperfectly  developed  ring  of  Saturn,— were  the  other 
hscovenes  m  the  solar  system  which  rewarded  the  diligence  of 
Mileo.  In  the  starry  heavens,  too,  thousands  of  new  worlds 
vere  discovered  by  his  telescope;  and  the  Pleiades  alone,  which 
,0  the  unassisted  eye  exhibit  only  seven  stars,  displayed  to  Gali- 
eo  no  fewer  i\iQ.n  forty.— North- British  Review,  No.  3. 

The  first  telescope  "  the  starry  Galileo"  constructed  with  a  leaden 
ube  a  few  inches  long,  with  a  spectacle-glass,  one  convex  and  one  con- 
lave,  at  each  of  its  extremities.  It  magnified  three  times.  Telescopes 
feero  made  m  London  m  February  1610,  a  year  after  Galileo  had  com- 
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pleted  his  own  (Rigaud,  On  HarHot's  Papem,  1833).  They  were  at  first 
called  evliiiders.    The  telescopes  which  Galileo  constructed,  and  others 
of  whicn  he  made  use  for  observing  Jupiter's  satellites,  the  phases  of  i 
Venus,  and  the  solar  spots,  possessed  the  gradually-increasing  powers  j 
of  magnifying  four,  seven,  and  thirty-two  linear  diametere ;  but  they  I 
never  had  a  higher  power. — Arago,  in  the  Annuaire  for  1842. 

Clock-work  is  now  applied  to  the  equatorial  telescope,  so  as  to  allow 
the  observer  to  follow  the  course  of  any  star,  comet,  or  planet  he  may 
wish  to  observe  continuously,  without  using  his  hands  for  the  mechani- 
cal motion  of  the  instrument. 

ANTIQUITY  OF  TELESCOPES. 

Long  tubes  were  certainly  employed  by  Arabian  astrono- 
mers, and  very  probably  also  by  the  Greeks  and  Romans ;  the 
exactness  of  their  observations  being  in  some  degree  attribut- 
able to  their  causing  the  object  to  be  seen  through  diopters  or  . 
slits.  Abul  Hassan  speaks  very  distinctly  of  tubes,  to  the  ex-  f 
tremities  of  which  ocular  and  object  diopters  were  attached ; 
and  instruments  so  constructed  were  used  in  the  observatory 
founded  by  Hulagu  at  Meragha.  If  stars  be  more  easily  dis- 
covered during  twilight  by  means  of  tubes,  and  if  a  star  be 
sooner  revealed  to  the  naked  eye  through  a  tube  than  without 
it,  the  reason  lies,  as  Arago  has  truly  observed,  in  the  circum- 
stance that  the  tube  conceals  a  great  portion  of  the  disturbing 
light  diffused  in  the  atmospheric  strata  between  the  star  and 
the  eye  applied  to  the  tube.  In  like  manner,  the  tube  pre-  < 
vents  the  lateral  impression  of  the  faint  light  which  the  par- 
ticles of  air  receive  at  night  from  all  the  other  stars  in  the 
firmament.  The  intensity  of  the  image  and  the  size  of  the 
star  are  apparently  augmented. — HwrHoWs  Cosmos,  vol.  iii. 
p.  53. 

Newton's  first  reflecting  telescope. 
The  year  1668  may  be  regarded  as  the  date  of  the  invention 
of  Newton's  Reflecting  Telescope.  Five  years  previously,  J ames 
Gregory  had  described  the  manner  of  constructing  a  reflecting 
telescope  with  two  concave  specula ;  but  Newton  perceived  the 
disadvantages  to  be  so  great,  that,  according  to  his  statement, 
he  "  found  it  necessary,  before  attempting  any  thing  m  the 
practice,  to  alter  the  design,  and  place  the  eye-glass  at  the  side 
of  the  tube  rather  than  at  the  middle."  On  this  improved 
principle  Newton  constructed  his  telescope,  which  was  exa- 
mined by  Charles  11. ;  it  was  presented  to  the  Royal  Society 
near  the  end  of  1671,  and  is  carefully  preserved  by  that  distin- 
guished body,  with  the  inscription  : 

"The  fibstRefleotinq  Telescope  ;  invented  by  Sib  Isaac  Newton, 
and  made  with  his  own  hands. 
Sir  David  Brewster  describes  this  telescope  as  consisting  of 
a  concave  metallic  speculum,  the  radius  of  curvature  of  wbicn 
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was  12|  or  13  inches,  so  that  "  it  collected  the  sun's  rays  at 
the  distance  of  6i  inches."  The  rays  reflected  by  the  specu- 
lum were  received  upon  a  plane  metallic  speculum  inclined  45 
to  the  axis  of  the  tube,  so  as  to  reflect  them  to  the  side  of  the 
tube  in  which  there  was  an  aperture  to  receive  a  small  tube 
with  a  plano-convex  eye-glass  whose  radius  was  one-twelfth 
of  an  inch,  by  means  of  which  the  image  formed  by  the  specu- 
lum was  magnified  38  times.  Such  was  the  first  reflecting 
telescope  applied  to  the  heavens  ;  but  Sir  David  Brewster  de- 
scribes this  instrument  as  small  and  ill-made ;  and  fifty  years 
elapsed  before  telescopes  of  the  Newtonian  form  became  useful 
iu  astronomy. 

SIR  WILLIAM  HERSCHEL'S  GREAT  TELESCOPE  AT  SLOUGH. 

The  plan  of  this  Telescope  was  intimated  by  Herschel, 
through  Sir  Joseph  Banks,  to  George  III.,  who  offered  to  de- 
fray the  whole  expense  of  it ;  a  noble  act  of  liberality,  which 
has  never  been  imitated  by  any  other  British  sovereign.  Towards 
the  close  of  1785,  accordingly,  Herschel  began  to  construct  his 
reflecting  telescope,  fort^  feet  in  length,  and  having  a  speculum 
fully  four  feet  in  diameter.  The  thickness  of  the  speculum, 
"which  was  uniform  in  eveiy  part,  was  3i  inches,  and  its  weight 
nearly  2118  pounds;  the  metal  being  composed  of  32  copper, 
and  107  of  tin  :  it  was  the  third  speculum  cast,  the  two  pre- 
vious attempts  having  failed.  The  speculum,  when  not  in  use, 
was  preserved  from  damp  by  a  tin  cover,  fitted  upon  a  rim  of 
close-grained  cloth.  The  tube  of  the  telescope  was  39  ft.  4  in. 
long,  and  its  width  4  ft.  10  in. ;  it  was  made  of  iron,  and  was 
3000  lbs.  lighter  than  if  it  had  been  made  of  wood.  The  ob- 
server was  seated  in  a  suspended  movable  seat  at  the  mouth 
of  the  tube,  and  viewed  the  image  of  the  object  with  a  magni- 
fying lens  or  eye-piece.  The  focus  of  the  speculum,  or  place 
of  the  image,  was  within  four  inches  of  the  lower  side  of  the 
mouth  of  the  tube,  and  came  forward  into  the  air,  so  that  there 
was  space  for  part  of  the  head  above  the  eye,  to  prevent  it 
from  intercepting  many  of  the  rays  going  from  the  object  to 
tlie  mirror.  The  eye-piece  moved  in  a  tube  carried  by  a  slider 
directed  to  the  centre  of  the  speculum,  and  fixed  on  an  ad- 
justible  foundation  at  the  mouth  of  the  tube.  It  was  com- 
pleted on  the  27th  August  1789;  and  the  very  first  moment  it 
was  directed  to  the  heavens,  a  new  body  was  added  to  the 
solar  system,  namely,  Saturn  and  six  of  its  satellites ;  and  in 
loss  than  a  month  after,  the  seventh  satellite  of  Saturn,  "  an 
object,"  says  Sir  John  Herschel,  "  of  a  far  higher  order  of 
difiiculty." — Abridged  from  the  North- Britidi  Review,  No.  3. 

This  magnificent  insti-ument  stood  on  the  lawn  in  the  rear  of  Sir 
William  Herschel's  house  at  Slough  j  and  some  of  our  readeis,  like  our- 
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selves,  may  i-emember  its  extraordinary  aspect  when  seen  from  the 
Bath  coach-road,  and  the  road  to  Windsor.  The  difficulty  of  managing 
so  large  an  instrument — requiring  as  it  did  two  assistants  in  addition 
to  the  observer  himself  and  the  person  employed  to  note  the  time — 
prevented  its  being  much  used.  Sir  John  Herschel,  in  a  letter  to  Mr. 
Weld,  states  the  entire  cost  of  its  construction,  4000^.,  was  defrayed  by 
George  HI.  In  1839,  the  woodwork  of  the  telescope  being  decayed, 
Sir  John  Herschel  had  it  cleared  away ;  and  piers  were  erected,  on 
which  the  tube  was  placed,  that  being  of  iron,  and  so  well  preserved 
that,  although  not  more  than  one-twentieth  of  an  inch  thick,  when  in 
the  horizontal  position  it  contained  within  all  Sir  John's  family;  and 
next  the  two  reflectors,  the  polishing  appai'atus,  and  ])ortions  of  the 
machinery,  to  the  amount  of  a  great  many  tons.  Sir  John  attributes 
this  great  strength  and  resistance  to  the  internal  structure  of  the  tube, 
very  similar  to  that  patented  under  the  name  of  cornigated  iron-roping. 
Sir  John  Herschel  also  thinks  that  system  of  triangular  arrangement 
of  the  woodwork  was  upon  the  principle  to  which  "diagonal  bracing" 
owes  its  strength. 

THE  EAEL  OF  ROSSE's  GREAT  REFLECTING  TELESCOPE. 

Sir  David  Brewster  has  remarked,  that  "  the  long  interval 
of  half  a  century  seems  to  be  the  period  of  hybernation  during 
which  the  telescopic  mind  rests  from  its  labom-s  in  order  to  ac- 
quire strength  for  some  great  achievement.  Fifty  years  elapsed 
between  the  dwarf  telescope  of  Newton  and  the  large  instru- 
ments of  Hadley ;  other  fifty  years  rolled  on  before  Sir  William 
Herschel  constructed  his  magnificent  telescope  ;  and  fifty  years 
more  passed  away  before  the  Eai'l  of  Rosse  produced  that  colos- 
sal instrument  which  has  already  achieved  such  brilliant  disco- 
veries." * 

In  the  improvement  of  the  Reflecting  Telescope,  the  first 
object  has  always  been  to  increase  the  magnifying  power  and 
light  by  the  construction  of  as  large  a  mirror  as  possible ;  and 
to  this  point  Lord  Rosse's  attention  was  directed  as  early  as 
1828,  the  field  of  operation  being  at  his  lordship's  seat,  Birr 
Castle  at  Parsonstown,  about  fifty  miles  west  of  Dubhn.  For 
this  high  branch  of  scientific  inquiry  Lord  Rosse  was  well  fitted 
by  a  rare  combination  of  "talent  to  devise,  patience  to  bear 
disappointment,  perseverance,  profound  mathematical  know- 
ledge, mechanical  skill,  and  uninterrupted  leisure  from  other 
pursuits  ;"t  all  these,  however,  would  not  have  been  sufficient, 
had  not  a  great  command  of  money  been  added ;  the  gigantic 
telescope  we  are  about  to  describe  having  cost  certainly  not 
less  than  twelve  thousand  pounds. 

Lord  Rosse  ground  and  polished  specula  fifteen  inches,  two  feet,  and 
three  feet  in  diameter  before  he  commenced  the  colossal  instrument.  It 
is  impossible  here  to  detail  the  admirable  contrivances  and  processes  bv 
which  he  prepared  himself  for  this  great  work.    He  first  ascertamed 

*  Life  of  Sir  Isaac  Newton,  „,    ,    „  r»  .in,  »^;f  IRSI 

t  Description  of  the  Monster  Tdescope,  by  Thomas  Woods,  M.D  4th  edit.  IbSi. 
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the  most  useful  combination  of  metals  for  SDeciiln  hr.f>,  in 

uorosity,  and  hardness,  to  be  copper  and  tin    Of  his  comStild  tre'S^ 

gulatmg  the  pressure  and  velocitv     TH«  v^lTfl  I  .        ,  ■' 
spherical  figure  in  large  surLces  w^'f],  /Si       found  to  work  a  perfect 
by  the  hand  ;  the  pohsher  b?wrrWr,t  nF'^  of  precision  unattainable 
speculum,  being  enffied  to  ex  J,?n« T  ^Poa  the  face  of  the 

3ut  removing  the  speculum  which  wh^n  f    proceeded  with- 

Thecont^-ivanc'e  STo'int th^st Ter/^eaTtlfu'/' V^^^ 
Placed  in  a  room  at  the  bottom  of  a  high  fowe?  in  ■''^T 
>f  which  trap-doors  can  be  onened    A  mnc?^         .  ?  successive  floors 
»wer,  so  that  its  summit  is^aCoui  ilSTfeett/.^  1'''' 
iial-plate  is  attached  to  the  top  of  the  mSt  an^^^^      *^  speculum.  A 
md  eye-piece,  with  proper  aZstmpnf^  n,'        '?  small  plane  speculum 
ition  become^  a  NewtoSn  tSes™  '    °,  ^^J^^'J'.^'}  '^O'^Wn- 
rhe  last  and  most  importrt  ntrt  of  fh«^"^        dial-plato  the  object, 
am,  is  to  give  it  a  <  ™r««raL&l?  tlf.?       "f.^^'-'^i^g  the  specu- 
;ortion  ofit  should  reffecrthe  ifet  mt  S  th?  ^  ''^"^^^^^^ 
tosse's  operations  for  this  purpose  coSsis^W    f  ^"''f "  ^"''d 

ccentric,  which  carries  the  no  iX,.  off       ^A°^  ?  °f  the  first 

bo  speculum;  2d,  a  transvSsfst^ot  .^T'^^^^^ 
qualtoO-27ofthe%ame  3KSermSs^^^^^^^  t^^,  and 

r  ,l;7  beyond  the  centre  of  the  po  sW  -  ^l?  „  ^'^^^  °f  the  tank, 

Brformed  in  the  same  time  a^  SrS'seven  o7th^^^^^ 
;h,  a  rotation  of  the  polisher  in  tho  ^nmlT  strokes  ;  and 

ower.    If  these  rules  are  attended  to  t  1? ^'^^^^^  times 
trabolic  figure  to  the  speculum  whether  1^?'°"  ''^^ 
chameter    In  the  three-feetTperulum  th«  fi^ 

lole  aperture,  that  it  is  throS  Sut  of  fSf,.^"''®  ^^th  the 

e  of  an  inch,  "and  eTen  with  f      \^  f  °f  than 

're^^-»-«K^^ 

1840,  showed  with  poTers  up  to  moo  ^^^^^ 
lich  resolved  nebula  in^o  stars  ^nl  Z,  ^^  !\T 
form  in  globular  nebula  upTn'Xchf^^^^^  that  symmetry 
B8IS  Of  the  gradual  condensat?.7-ff  \  f  founded  the  hypo- 
d  planets.*  conaensation  of  nebulous  matter  into  sdns 

Scarcely  was  this  instrument  out  of  Tn.^  p      ,  ^ 
^en  he  resolved  to  attempt  by  the  samp  ^"f'"^ '  ^^^^S' 

,  Thi  •  processes  to  construct 

t  -ouf,Sr?,;',,te^,;'l?o7er  e%e"r;"''-V'^^  "''i-^^  -  the  .con- 

nely  minute  craters,  and  two  black  SJi"^f  •  °^  '^'^'"'^  dotted  with^x' 
hi«  S^-^^b'^S"".  in  hi8  address  to  thrB  -uLh  A        "  of  ArTstar: 

^^^^^  oft^Sh^re^-rc^kSr^^^^ 

H 
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another  reflector,  with  a  speculum  six  feet  in  diameter  and//<y 
feet  lo7iq  '  and  this  magnificent  instrument  was  completed  early 
in  1845. '  The  focal  length  of  the  speculum  is  fifty-four  feet.  It 
weighs  four  tons,  and,  with  its  supports,  is  seven  times  as  heavy 
as  the  four-feet  speculum  of  Sir  WilUam  Herschel.  The  specu- 
lum is  placed  in  one  of  the  sides  of  a  cubical  wooden  box,  about 
eight  feet  wide,  and  to  the  opposite  end  of  this  box  is  fastened 
the  tube  which  is  made  of  deal  staves  an  inch  thick,  hooped 
with  iron  clamp-rings,  like  a  huge  cask.  It  carries  at  its  upper 
end,  and  in  the  axis  of  the  tube,  a  smaU  oval  speculum,  six 
inches  in  its  lesser  diameter.  -,  „  ^  x  •    j-      i.  ■ 

The  tube  is  about  50  feet  long  and  8  feet  m  diameter  m 
the  middle,  and  furnished  with  diaphragms  6^  feet  m  aperture. 
The  late  Dean  of  Ely  walked  through  the  tube  with  an  umbrella 

The  telescope  is  established  between  two  lofty  castellated  . 
niers  60  feet  high,  and  is  raised  to  different  altitudes  by  a 
Long  chain-cable  attached  to  the  top  of  the  tube.  This  cable 
Tiasses  over  a  pulley  on  a  frame  down  to  a  windlass  on  the 
Cund  which^is  wrought  by  two  assistants.  To  the  frame  are 
Attached  chain-guys  fastened  to  the  counterweights;  and  the 
telescope  is  balanced  by  these  counterweights  suspended  by 
chains,^which  are  fixed  to  the  sides  of  the  tube  and  pass  over 
large  iron  pulleys.   The  immense  mass  of  matter  weighs  about 

'""'Sn  ihe'eastern  pier  is  a  strong  semicircle  of  cast-iron  with 
which  the  telescope  is  connected  by  a  racked  ^ar,  with  fnc- 
tion-roUers  attached  to  the  tube  by  wheelwork,  so  that  by 
means  of  a  handle  near  the  eye-piece,  the  observer  can  move 
The  Sescope  along  the  bar  on  either  side  of  the  meridian,  to 
the  distance  of  an  hour  for  an  equatorial  star 

On  the  western  pier  are  stairs  and  galleries,  ihe  observ. 
^nc.  aaUerv  Ts  moved  along  a  railway  by  means  of  wheels  and  a 
S  and  tl^e^^^^  for  raising  the  galleries  to  various 

Xtudes  is  very  ingenious.  Sometimes  the  galleries,  filled  with 
Observers;  are  suspLded  midway  between  the  two  piers,  over 

^'''r:^l^^SA^^^on  of  this  immense  Telescope  at 
Birr  Castk  wm  be  found  in  Mr.  Weld's  volume  of  Va^atwr. 

^'sfr  David  Brewster  thus  eloquently  sketches  the  POwers  of 
'^"CU,  in  the  »«™.8.,  wf'tn Tif  ^IffViSfrJiS* 
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the  systems  Wdoubrrd  Ule  sS'  "^t  '^T'^^T'''^  outline,^ 
ofevory  variety  of  shape -3  t&  '*^''^3^  clusters 

baffle  human  comnreEimf  a  ^P-''"''^  nebular  formations  which 
in  modern  discovery.  '         constitute  the  greatest  achiev  ement 

modifications  produced  Shp  L  '  *^^^^°°Pf '-P'-^rtly  by  the 
figured,  partl/bytr^reat  mLff  ^'^^^^  ^^^'^^dy 

from  the  Milky ^av  fnTl  M  ^'  '^^^      '-^  distance 

of  Saturn.  tL  acSunt  ^^ti  ^/''^'^  prodigious  brilliancy 
appearance  of  JupS  wasTat  .^i^.^.^^Jf/-  ^^tronomer  of  the 
the  telescope  -  and  tH,  w!n  '^sembled  a  coach-lamp  in 

is  seen  in  the'instmmenr  '^^^^ht  which 

--^^^  ofhis  visits  : 

perhaps,  ap^-ret^ld^the^^o':  S  at  Birr  Castle  is  best, 

m  miles,  or  millions  of  miLs  ordTnn!!/^  """'^^^^^^ 
of  the  progress  of  light  Tn  t'ee  sS^c?         ""I  ^^'^it.  ^ut- 

doubt,  a  small  proportion  of  enSZ  determination  within,  no 
number  of  the  fixed  stars  yields  lo.nrS^  P^^'^F^V^  ^  considerable 
twixt  us  and  the  fixed  sta?s  of  the  smnlW^  F^^^'-^'  ^  ^P'-^^e  be- 

nanly  visible  to  the  naked  eye  of  IsTvelt  '."\^^^"de  the  sixth,  ordi- 
mformation  enables  n<.  on  +^1'  •  ■'•^^ /ears  m  the  flight  of  lio-ht  T)n= 
rested  by  Sir  W.  H^^hd  titT  t£?  pLt'T^T  ^^'^  - 1" 

JtarsofDr.  Wollaston  and  other.  tn  .^      J?^*"°''^  researches  on  the 
md  that  by  no  meanron  vamf«  «1  ^ 

>pened  out  by  the  most  effectife  t^?.!  .l™its  of  space 

Jus  afforded  us  as  to  th™rarSe  Xver  oft 
n  the  penetration  of  space  as^]v7^Z  Ti    -i  six-feet  speculum 

ume  the  fact,  that  if  any  othei  tewL  ^'^  "^'S^*^  fairly  as 

un  f  removed  to  the  remotesJ  visfbleTn^v  ^  foUow^he 
equire  10,000  years  to  reach  us  th^  o-f  Position,  or  till  its  light  would 
^on^d  follow  it'so  far  ?hat  from  2$  000^25  ma'^"'''''  ParsonZw^ 
he  transmission  of  its  light  to  the  eaith     R  ?  ^^""l^  "^""^^  be  spent  in 

om  th«^°^  ^^•^iStSgTmere  speok  ^'^^^^rs 

om  the  combmed  lie-ht  of  nprhp.t,  v.,  ^  ,  P®''^  °f  misty  luminositv 
en^ration  into  spacTcompared  ^^^^^  of  su^rthe 

^rd  to  the  most  distaT^  ^eS  etSus^Sva'l!  ''"^^'^ 
_     GIGANTIC  TELESCOPES  PEOPOSED 

lex^^h  o'uTwards'Tiro^^^^^^^^^^^^  of Tel'escopes  having 
der  to  see  animals  in  the  Z)n  t  ai f'^'^^  i" 
uch  Auzout  considered  it  npn^tl  ^^/^<^^avagant  expectation 
>nk  Schyrle  von  R^t  iZ  T^^l^^^^^^       -^^^  ^^P^^hin 

•eady  spoken  of  the  speedy  prScSifT'l'^  "^"P*^''^'  ^^^^ 
I'     J'  practicability  of  constructing  tv- 
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lescopes  that  should  magnify  4000  times,  by  means  of  which 
the  lunar  mountains  might  be  accurately  laid  down. 

Optical  instruments  of  such  enormous  focal  lengths  remind 
us  of  the  Arabian  contrivances  of  measurement :  quadrants  with 
a  radius  of  about  190  feet,  upon  whose  graduated  limb  the 
imatre  of  the  sun  was  received  as  in  the  gnomon,  through  a 
small  round  aperture.  Such  a  quadrant  was  erected  at  Sa- 
marcand,  probably  constructed  after  the  model  of  the  older 
sextants  of  Alchokandi,  which  were  about  sixty  feet  in  height. 

LATE  INVENTION  OF  OPTICAL  INSTRUMENTS. 

A  writer  in  the  North-British  Review,  No.  50,  considers  it 
strange  that  a  variety  of  facts  which  must  have  P^ese^ted 
themtelves  to  the  'most  careless  observer  should  not  have  led 
to  the  earlier  construction  of  Optical  Instruments.    The  an- 
cients, doubtless,  must  have  formed  metallic  a^tic  es  with  con- 
cave surfaces,  in  which  the  observer  could  not  fail  to  see  him- 
self magnified;  and  if  the  radius  of  the  concavity  exceeded 
twelve  inches,  twice  the  focal  distance  of 
his  hands  an  extempore  reflecting  telescope  of  the  Newtonian 
f,  rm.  in  which  the  concave  metal  was  the  speculum,  and  his 
eve  the  eye-glass,  and  which  would  magnify  and  bring  near  him 
the  image  of  Ob  cts  nearly  behind  him.    Through  the  sphen- 
cal  Tops  of  water  suspended  before  his  eye,  an  attentive  ob- 
se  ver  might  have  seeu  magnified  some  minute  body  placed 
accidentally  in  its  anterior  focus  ;  and  in  the  eyes  of  fishes  and 
radrSs  which  he  used  for  his  food,  he  might  have  seen, 
S  m£ht  have  extracted,  the  beautiful  lenses  which  they 
oontaTn  and  which  he  could  not  fail  to  regard  as  the  principal 
ageSs  in  tie  V  sion  of  the  animals  to  which  they  belonged. 
Ssity  mi'ht  have  prompted  him  to  look  Uimugh  these  re- 
Sable  knses  or  spheres  f  and  had  he  placed  the  lens  of  the 
minnow,  or  that  of  the  bird,  the  sheep  or  the  ox,  in 
o'SeTSrcubr  aperture,  he  would  have  produced  a  m^^^^^ 
scope  or  microscopes  of  excellent  quality  and  different  magni 
wll  powers.    No  such  observations  seem  however  to  have 
bin  made    and  even  after  the  invention  of  glass,  and  its  con- 
V  rsionTnto  globuL  vessels,  through  which,  when  filled  ^^^h 
Iny  fluid,  objects  are  magnified,  the  microscope  remained  ua 
discovered. 

A  TRIAD  OF  CONTEMPORARY  ASTRONOMERS. 

It  is  a  remarkable  fact  in  the  history  oj.  astron5)my  (sayj 
Sir  Daild'li^wster),  that.three  of  «  ~tt  oS  ^ 

fift^ine  years^of  his  life.   Galileo  was  born  seven  years  befoi^ 
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Kepler  and  survived  him  nearly  the  same  time.  We  have^ 
learned  that  the  intellectual  triumvirate  of  the  at^e  enioved 
any  opportunity  for  mutual  congratulation.  What  a  privilege 
would  It  have  been  to  have  contrasted  the  aristocratic  dignity 
of  Tycho  with  the  reckless  ease  of  Kepler,  and  the  manly  and 
impetuous  mien  of  the  Italian  sage  {—Brewster's  Life  of  Newton. 

A  PEASANT  ASTRONOMEE. 

.,..tt  same  time  that  Goodricke  discovered  the 

variation  of  the  remarkable  periodical  star  Algol,  or  &  Persei 
station  farmer  of  Prolitz,  near. Dresden^-a  peasant  by 

fnil  '.t  '""""T'^.^T  "ature,-from  his  flimiliar  acquaint- 
ance with  the  aspect  of  the  heavens,  was  led  to  notice,  among 
so  many  thousand  stars,  Algol,  as  distinguished  from  the  resf 
ta  ^^^.^rtained  its  period.   The  same  Palitzc 

m  1759,  which  he  saw  nearly  a  mouth  before  any  of  the  as- 
tronomers who,  armed  with  their  telescopes,  wer^e  anxiousW 
watching  Its  return.  These  anecdotes  carry  us  back  to  the  era 
of  the  Chaldean  shepherds.-^.  John  HerMs  Outl^^^^ 

SHIEBURN-CASTLE  OBSERVATOEY. 

^    Lord  Macclesfield,  the  eminent  mathematician,  who  was 

SZXfk  ?n  0^''.'^  built  at  h?s  s  at 

omrourn  Castle  m  Oxfordshire,  an  Observatory  about  17  "iq 
It  stood  100  yards  south  from  the  castle-gate,  and  cons  sted  of 

quatatt  "\n'  tV^"  'Tf'      'he'thW  for  a  mur^ 

quadrant.    In  the  possession  of  the  Royal  Astronomical  So 
ciety  IS  a  curious  print  representing  two  of  Lord  CcXsfield^ 
servants  taking  observations  in  the  Shirburn  observSy  thev 

be  appointed  observer.    His^ompaion  is  John 
ginally  a  shepherd,  in  which  station  he,  by  books  and  oh^^^^^^^^^^ 
Mrd'  '"^^^  -.^^nowledge  in  comytrt'Tandl^^^^^^^ 
heavenly  bodies,  as  to  induce  Lord  Macclesfield  to  ^rm^iSf 
um  assistant-observer  in  his  observXrv  i  ^^T* 

person  who,  on  December  23d  mf^dLoveret'thr  '^t 
^omet,_and  made  the  first  observation  of  ?t    an  acconS'n^ 

lacaille's  obseevato^.y 

^ort^fl%^tZS?:^'  "^'1  ^bservations^han  all  his  contem- 
iSst  vflnp  ./f  researches  will  have  the 

IfySovv  ^,  Z  n°,i^'  astronomy  is  cultivated,  had  an  ob! 
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For  a  long  time  it  had  been  without  observer  or  instruments  ;  under 
Napoleon's  reign  it  was  demolished.  Lacaille  never  used  to  iUuminate 
the  wires  of  his  instruments.  The  inner  part  of  his  observatory  was 
painted  black ;  he  admitted  only  the  faintest  light,  to  enable  him  to 
see  las  pendulum  and  his  paper :  his  left  eye  was  devoted  to  the  service 
ot  looking  to  the  pendulum,  whilst  his  right  eye  was  kept  shut.  The 
latter  was  only  employed  to  look  to  the  telescope,  and  during  the  time 
of  observation  never  opened  but  for  this  purpose.  Thus  the  faintest 
light  made  him  distinguish  the  wires,  and  he  very  seldom  felt  the  ne- 
clssity  of  illuminating  them.  Part  of  these  blackened  walls  were  visible 
long  after  the  demolition  of  the  observatory,  which  took  place  some- 
what about  1^11.— Professor  Mold. 

^^CETY  REQUIRED  IN  ASTRONOMICAL  CALCULATIONS. 
In  the  Edinburgh  Review,  1850,  we  find  the  following  illus- 
trations of  the  enormous  propagation  of  minute  errors : 

The  rod  used  in  measuring  a  base-line  is  commonly  about  ten  teet 
long  :  and  the  astronomer  may  be  said  truly  to  apply  that  very  rod  to 
mete  the  distance  of  the  stars.    An  error  in  placing  a  fane  dot  which 
fixes  the  length  of  the  rod,  amounting  to  one-five-thousandth  of  an  inch 
fthe  thicknels  of  a  single  silken  fibre)  will  amount  to  .^^  error  of  iO 
feet  in  the  earth's  diameter,  of  316  miles  in  the  sun's  distance,  and  ta 
65  200  000  mUes  in  that  of  the  nearest  fixed  star.    Secondly,  as  the 
Snomer  in  his  observatory  has  nothing  further  to  do  j^g^^^^^ 
ing  lengths  or  distances,  except  by  calculation,  his  ^J^ol®. 
fici  are  exhausted  in  the  measurement  of  angles ;  for  by  these  alone 
spaces  inaSessible  can  be  compared.  Happily,  a  ray  of  hght  is  straiglit 
were  it  not  so  (in  celestial  spaces  at  least),  there  woiild  be  an  end  of 
Tur  astrJnom?    Now  an  angle  of  a  second  (3600  to  a  degree)  is  a  subtle 
Zn^   It  hSran  apparent  breadth  utterly  invisible  to  the  unassisted 
eye  ^vmlLs  accomp^^^^^   with  so  intense  a  splendour  (e.  fir.  m  the  case  of 
Hxed  s  arl  as  actually  to  raise  by  its  effect  on  the  nerve  of  s^ht^ 
spurious  image  having  a  sensible  breadth.    A  s^lk^o'"'^^^^         !.T  1^ 
we  have  meStioned  above,  subtends  an  angle  of  a  second  at  S^  leet 

to  travel.  _ 
CAN  STARS  BE  SEEN  BY  DAYLIGHT  ( 

Aristotle  maintains  that  Stars  may  occasionally  be  seen  m 
the  Daylight,  from  caverns  and  cisterns,  as  through  tubes^ 
PHnvXdes  to  the  same  circumstance,  and  mentions  that 
fttsVave  been  most  distinctly  recognised  durmg  ec  jpses. 
S  Tohn  Herschel  has  heard  it  stated  by  a  celebrated  optician, 
fl^^t  his  aSSn  was  first  drawn  to  astronomy  by  the  reguU^ 
fp^l"t'  a  certain  hour,  fo~^ 
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tky^llS^^^^^^''  ^^g^*  <ieep  shafts,  thi 

£  K  h.^  ^""^  l^'-g"-."  SaLure  states 

that  stars  have  been  seen  with  the  naked  eye  in  broad  dav- 

S  'as  V.  '  /  Mont  Blanc,  at  an  elevation  of  12,  757 

feet  as  he  was  assured  by  several  of  the  alpine  guides  The 

the  aS  wi  1%    ^  ^.''^f  ^1^^        stronger  light  of 

ions  resTmwS^^  ^^^''^^  these  Lndi' 

and  thp^M    ^  those  presented  by  the  cisterns  of  the  ancients 

ouLinn«  i  ^^^^^  '^^^''^^         Humboldt,  however 

or  16  000  fff  t    ^'x?'"'*'''       P^^'^'  at  elevations  of  15  000 

ma.,n  L  ^-vT^  r  •        ^^^^^       ethereally  pTire  sky  of  Cu- 

tellites  tn  fir,5  it'  ,  observing  an  eclipse  of  Jupiter's  sa- 
SL^e%  ey|  and  hts 

above  the  horizon  '  "^''^  "^^^  ^""^^^  20=^ 

LOST  HEAT  OF  THE  SUN. 

the  i^utcTomf  frflo^S°^?^T'  T  P^«*««^«<3  from 
near  thTe^rt^rr^  ^^^d't'  "'^"^^^ 

that    .tlvZ)'^^       /r?'^''°?.'  V  p^'^^ 

mission  through  the  Xle  eSpn/ nV        >  ''l'*'^^^ 

Forhtxt  P  f?  c     D  wnoie  extent  of  our  atmosphere  J  n 

J^oroes,  Ji.KS.  ;  BaJcerian  Lecture,  1842.  "^P^^re.— ^.  n. 

Son?  T''^  ™MENT  used  AS  AN  OBSEEVATOEY. 

Hill!  fn^in  ZftZf'^'^^T'^'^'  Street 
bers'of  the  Societv  foTLf ^^.^^^^       other  mem- 

doned  on  aSnt  ofiL  Jj^  r  ""^T^^  purposes,  but  aban- 
nicety  required Tn  thlir  "^J-*''''  ^t^^  g^^at  for  the 
that  L  ZuLnt  lTun^!rti-l\  ^'"^^^  "-^ort 

time;  "but,'^aysE7mr  ^47=  -'^^      ^""^  i°  our 

defiance  to  the  attacks  Sail  t^P^i^^^  construction  may  bid 
come."  This  viStion  in  im?  ^^f^^q^^kes  for  centuries  to 
CaptainSmythe  in  S(^.?i1/r>'7^rf.  '  uncommon, 
when  taking  observat  on?!  j(  '^''^'"^  ^s,  that 

near  Alexand^f  Til         ''''  of  Pompey's  PiUar 

althouirt\t;\V^^^^  affected\;VeS;; 
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IDENTITY  OF  ASTRONOMY  AND  GEOLOGY. 

While  the  Astronomer  is  studying  the  form  and  condition  and 
structure  of  the  planets,  in  so  far  as  the  eye  and  the  telescope 
can  aid  him,  the  Geologist  is  investigating  the  form  and  con- 
dition and  structure  of  the  planet  to  which  he  belongs  ;  and  it 
is  from  the  analogy  of  the  earth's  structure,  as  thus  ascertained, 
that  the  astronomer  is  enabled  to  form  any  rational  conjecture 
respecting  the  nature  and  constitution  of  the  other  planetary  bo- 
dies. Astronomy  and  Geology,  therefore,  constitute  the  same 
science — the  science  of  material  or  inorganic  nature. 

When  the  astronomer  first  surveys  the  concavity^  of  the  ce- 
lestial vault,  he  finds  it  studded  with  luminous  bodies  diflferiiig 
in  magnitude  and  lustre,  some  moving  to  the  east  and  others 
to  the  west ;  while  by  far  the  greater  number  seem  fixed  in 
space  ;  and  it  is  the  business  of  astronomers  to  assign  to  each 
of  them  its  proper  place  and  sphere,  to  determine  their  true 
distance  from  the  earth,  and  to  arrange  them  in  systems 
throughout  the  regions  of  sidereal  space. 

In  like  manner,  when  the  geologist  surveys  the  convexity  of 
his  own  globe,  he  finds  its  solid  covering  composed  of  rocks 
and  beds  of  all  shapes  and  kinds,  lying  at  every  possible  angle, 
occupying  every  possible  position,  and  all  of  them,  generally 
speaking,  at  the  same  distance  from  the  earth's  centre._  Every 
where  we  see  what  was  deep  brought  into  visible  relation  with 
what  was  superficial— what  is  old  with  what  is  ne.w— what 
preceded  life  with  what  followed  it. 

Thus  displayed  on  the  surface  of  his  globe,  it  becomes  the 
business  of  the  geologist  to  ascertain  how  these  rocks  came 
into  their  present  places,  to  determine  their  diflfcrent  ages, 
and  to  fix  the  positions  which  they  originally  occupied,  and 
consequently  their  diflferent  distances  from  the  centre  or  the 
circumference  of  the  earth.  Raised  from  their  original  bed, 
the  geologist  must  study  the  internal  forces  by  which  they 
were  upheaved,  and  the  agencies  by  which  they  were  indurated ; 
and  when  he  finds  that  strata  of  every  kind,  from  the  primitive 
craiiite  to  the  recent  tertiary  marine  mud,  have  been  thus 
brought  within  his  reach,  and  prepared  for  his  analysis  he 
i-eads  their  respective  ages  in  the  organic  remains  which  they 
entomb  ;  he  studies  the  manner  in  which  they  have  perished, 
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and  he  counts  the  cycles  of  time  and  of  life  which  they  disclose. 
— Abridged  from  the  North-British  Review,  No.  9. 

THE  GEOLOGY  OF  ENGLAND 

is  more  interesting  than  that  of  other  countries,  because  our 
island  is  in  a  great  measure  an  epitome  of  the  globe ;  and  the 
observer  who  is  familiar  with  our  strata,  and  the  fossil  remains 
which  they  include,  has  not  only  prepared  himself  for  similar 
inquiries  in  other  countries,  but  is  already,  as  it  were,  by  an- 
ticipation, acquainted  with  what  he  is  to  find  there. — Trans- 
actions of  the  Geological  Society. 

PEOBABLE  ORIGIN  OF  THE  ENGLISH  CHANNEL. 

The  proposed  construction  of  a  submarine  tunnel  across  the 
Straits  of  Dover  has  led  M.  Boue,  For.  Mem.  Geol.  Soc,  to 
point  out  the  probability  that  the  English  Channel  has  not 
been  excavated  by  water-action  only ;  but  owes  its  origin  to 
one  of  the  lines  of  disturbance  which  have  fissured  this  portion 
of  the  earth's  crust :  and  taking  this  view  of  the  case,  the  fis- 
sure probably  still  exists,  being  merely  filled  with  compara- 
tively loose  material,  so  as  to  prove  a  serious  obstacle  to  any 
attempt  made  to  drive  through  it  a  submarine  tunnel. — Pro- 
ceedings of  the  Geological  Society. 

HOW  BOULDERS  ARE  TRANSPORTED  TO  GREAT  HEIGHTS. 

Sir  Roderick  Murchison  has  shown  that  in  Russia,  when 
the  Dwina  is  at  its  maximum  height,  and  penetrates  into  the 
chinks  of  its  limestone  banks,  when  frozen  and  expanded 
it  causes  disruptions  of  the  rock,  the  entanglement  of  stony 
fragments  in  the  ice.  In  remarkable  spring  floods,  the  stream 
so  expands  that  in  bursting  it  throws  up  its  icy  fragments  to 
15  or  20  feet  above  the  stream;  and  the  waters  subsiding, 
these  lateral  ice-heaps  melt  away,  and  leave  upon  the  bank  the 
rifled  and  angular  blocks  as  evidence  of  the  highest  ice-mark. 
In  Lapland,  M.  Bohtlingk  assures  us  that  he  has  found  larg'e 
granitic  boulders  weighing  several  tons  actually  entangled  and 
suspended,  like  birds' -nests,  in  the  branches  of  pine  trees,  at  heights 
of  30  or  40  feet  above  the  sumomr  level  of  the  stream  /* 

"  Mr.  Hopkins  supports  his  Glacial  Theory  by  reeardin<'  the  Wavp<!  nf  7%^^. 
a|  on  investigated  by  Mr  Scott  Russell,  as  fi^niLi?|  a  sufficV^' t^^^^n^ ^w^^ 
^™v  ^  t™J«PO,-  ation  of  large  rounded  boulders,  and  the  formation  of  drifTed 
giflvel.  When  these  waves  of  translation  are  produced  by  the  sudden  elevation 
of  he  s.irface  of  the  sea.  the  whole  mass  of  water  from  the  surface  to  the  bottom 
of  he  ocean  moves  onward,  and  becomes  a  mechanical  agent  of  enoi^ous  Dowe? 
l-oUow.ng  up  this  view,  Mr.  Hopkins  has  shown  that  "  elevations  orcontinental' 
masses  01  only  50  feet  eacl>.  and  from  beneath  an  ocean  havin"  a  demh  of  hP 
twee..  300  and  400  feet,  would  cause  the  most  powerful  divergent  waves  w^ 
could  transport  large  boulders  to  great  distances  "         ""'^'Sent  waves,  v,  hich 
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WHY  SEA-SHELLS  ARE  FOUND  AT  GREAT  HEIGHTS. 

The  action  of  subterranean  forces  in  breaking  through  and 
elevating  strata  of  sedimentary  rocks, — of  which  the  coast  of 
Chili,  in  consequence  of  a  great  earthquake,  furnishes  an  ex- 
ample,— leads  to  the  assumption  that  the  pelagic  shells  found 
by  MM.  Bonpland  and  Humboldt  on  the  ridge  of  the  Andes,  at 
an  elevation  of  more  than  15,000  English  feet,  may  have  been 
conveyed  to  so  extraordinary  a  position,  not  by  a  rising  of  the 
ocean,  but  by  the  agency  of  volcanic  forces  capable  of  elevating 
into  ridges  the  softened  crust  of  the  earth. 

SAND  OF  THE  SEA  AND  DESERT. 

That  sand  is  an  assemblage  of  small  stones  may  be  seen 
with  the  eye  unarmed  with  art ;  yet  how  few  are  equally  aware 
of  the  synonymous  nature  of  the  sand  of  the  sea  and  of  the 
land  !  Quartz,  in  the  form  of  sand,  covers  almost  entirely  the 
bottom  of  the  sea.  It  is  spread  over  the  banks  of  rivers,  and 
forms  vast  plains,  even  at  a  very  considerable  elevation  above 
the  level  of  the  sea,  as  the  desert  of  Sahara  in  Africa,  of  Kobi 
in  Asia,  and  many  others.  This  quartz  is  produced,  at  least 
in  part,  from  the  disintegration  of  the  primitive  granite  rocks. 
The  currents  of  water  carry  it  along,  and  when  it  is  in  very 
small,  light,  and  rounded  grains,  even  the  wind  transports  it 
from  one  place  to  another.  The  hills  are  thus  made  to  move 
like  waves,  and  a  deluge  of  sand  frequently  inundates  the 
neighbouring  countries : 

"  So  where  o'er  wide  Numidian  wastes  extend, 
Sudden  the  impetuous  hurricanes  descend." — Addison's  Cato. 

To  illustrate  the  trite  axiom,  that  nothing  is  lost,  let  us 
glance  at  the  most  important  use  of  sand : 

"Quartz  in  the  form  of  sand,"  observes  Maltebrun,  "furnishes,  by 
fusion,  one  of  the  most  useful  substances  we  have,  namely  glass,  which, 
being  less  hard  than  the  crystals  of  quartz,  can  be  made  equally  trans- 
parent, and  is  equally  serviceable  to  our  wants  and  to  our  pleasures. 
There  it  shines  in  walls  of  crystal  in  the  palaces  of  the  great,  reflecting 
the  charms  of  a  hundred  assembled  beauties  ;  there,  in  the  hand  of  the 
philosopher,  it  discovers  to  us  the  worlds  that  revolve  above  us  in  the 
immensity  of  space,  and  the  no  leas  astonishing  wonders  that  we  tread 
beneath  o'or  feet." 

PEBBLES. 

The  various  heights  and  situations  at  which  Pebbles  are 
found  have  led  to  many  erroneous  conclusions  as  to  the  period 
of  changes  of  the  earth's  surface.  All  the  banks  of  rivers  and 
lakes,  and  the  shores  of  the  sea,  are  covered  with  pebbles, 
rounded  by  the  waves  which  have  rolled  them  against  each 
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other,  and  which  frequently  seem  to  have  brought  them  from 
a  distance.    There  are  also  similar  masses  of  pebbles  found 
at  very  great  elevations,  to  which  the  sea  appears  never  to 
have  been  able  to  reach.    We  find  them  in  the  Alps  at  Valor- 
snia,  more  than  6000  feet  above  the  level  of  the  sea ;  and  on 
the  mountain  of  Bon  Homme,  which  is  more  than  1000  feet 
higher.    There  are  some  places  little  elevated  above  the  level 
of  the  sea,  which,  like  the  famous  plain  of  Crau,  in  Provence 
are  entirely  paved  with  pebbles  ;  while  in  Norway,  near  Qued- 
lia,  some  mountains  of  considei-able  magnitude  seem  to  be 
completely  formed  of  them,  and  in  such  a  manner  that  the 
largest  pebbles  occupy  the  summit,  and  their  thickness  and 
size  aiminish  as  you  approach  the  base.    We  may  include  in 
tne  number  of  these  confused  and  irregular  heaps  most  of  the 
depositions  of  matter  brought  by  the  river  or  sea,  and  left  on 
tno  banks,  and  perhaps  even  those  immense  beds  of  sand  which 
cover  the  centre  of  Asia  and  Africa.    It  is  this  circumstance 
which  renders  so  uncertain  the  distinction,  which  it  is  never- 
theless necessary  to  establish,  between  alluvial  masses  created 
before  the  commencement  of  history,  and  those  which  we  see 
stui  torming  under  our  own  eyes. 

fnlltftS'3?'f  ^  monograph  entitled  "  Thoughts  on  a  Pebble," 
full  of  playful  sentiment  and  graceful  fancy,  has  been  written 
by  the  amiable  Dr.  Mantell,  the  geologist. 

ELEVATION  OF  MOUNTAIN-CHAINS. 

Hitherto  the  processes  of  denudation  and  of  elevation  bivo 
been  so  for  balanced  as  to  preserve  a  bvpHv  cflo^  ® 

act  vMth  unabated  energy,  the  inevitable  result  would  be  thnt 
every  mountain-top  would  be  in  time  brought  low    No  SrSw 
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land  should  be  laid  prostrate,  to  form  the  bed  over  which  it 
would  continue  to  roll  an  uninterrupted  sea. 

THE  CHALK  FORMATION. 

Mr.  Horner,  F.R.S.,  among  other  things  in  his  researches 
in  the  Delta,  considers  it  extremely  probable  that  every  par- 
ticle of  Chalk  in  the  world  has  at  some  period  been  circulating 
m  the  system  of  a  living  animal. 

WEAR  OF  BUILDING-STONES. 

Professor  Henry,  in  an  account  of  testing  the  marbles  used 
in  building  the  Capitol  at  Washington,  states  that  evrey  flash 
of  lightning  produces  an  appreciable  amount  of  nitric  acid, 
which,  diffused  in  rain-water,  acts  on  the  carbonate  of  lime  ; 
and  from  specimens  subjected  to  actual  freezing,  it  was  found 
that  in  ten  thousand  years  one  inch  would  be  worn  from  the 
blocks  by  the  action  of  frost. 

Ill  1839,  a  report  of  the  examination  of  Sandstones,  Limestones, 
and  Oolites  of  Britain  was  made  to  the  Government,  with  a  view 
to  the  selection  of  the  best  material  for  building  the  new  Houses  of 
Parliament.  For  this  purpose,  103  quarries  were  described,  96  build- 
ings in  England  referred  to,  many  chemical  anal.yses  of  the  stones  were 
given,  and  a  great  number  of  experiments  related,  showing,  among 
other  points,  the  cohesive  power  of  each  stone,  and  the  amount  of  dis- 
integration apparent,  when  subjected  to  Brard's  process.  The  magne- 
sian  limestone,  or  dolomite  of  Bolsover  Moor,  was  recommended,  and 
finally  adopted  for  the  Houses  ;  but  the  selection  does  not  appear  to 
have  been  so  successful  as  might  have  been  expected  from  the  skill  and 
labour  of  the  investigation.  It  may  be  interesting  to  add,  that  the 
publication  of  the  above  Report  (for  which  see  Year-Booh  of  Facts,  184:0, 
pp.  78-80)  occasioned  Mr  John  Mallcott  to  i-emark  in  the  Times  journal, 
"  that  all  stone  made  use  of  in  the  immediate  neighbourhood  of  its  own 
quarries  is  more  likely  to  endure  that  atmosphere  than  if  it  be  removed 
therefrom,  though  only  thirty  or  forty  miles  :"  and  the  lapse  of  com- 
paratively few  years  has  proved  the  soundness  of  this  observation* 

PHENOMENA  OF  GLACIERS  ILLUSTRATED. 

Professor  Tyndall,  being  desirous  of  investigating  some  of 
the  phenomena  presented  by  the  large  masses  of  mountain-ice, 
— those  frozen  rivers  called  Glaciers,— devised  the  plan  of  send- 
ing a  destructive  agent  into  the  midst  of  a  mass  of  ice,  so  as 
to  break  down  its  structure  in  the  interior,  in  order  to  see  if 
this  method  would  reveal  any  thing  of  its  internal  constitu- 
tion. Taking  advantage  of  the  bright  weather  of  1857,  he  con- 
centrated a  beam  of  sunlight  by  a  condensing  lens,  so  as  to 

•  It  is  scarcely  too  much  to  say,  that  fiom  the  collection  of  specimens  of 
building-stones  made  upon  this  occasion,  and  first  deposited  in  a  house  in  Craig's 
Court,  Charing  Cross,  originated,  upon  the  suggestion  of  Sir  Henry  Delabeche, 
the  magnificent  Museum  of  Practical  Geology  in  Jermyn  Street,  one  of  the  most 
eminently  practical  institutions  of  this  scientific  age. 
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form  the  focus  of  the  sun's  rays  in  the  midst  of  a  mass  of  ice. 
A  portion  of  the  ice  was  melted,  but  the  surrounding  parts 
shone  out  as  brilliant  stars,  produced  by  the  reflection  of  the 
faces  of  the  crystalline  structure.  On  examining  these  bril- 
liant portions  with  a  lens,  Professor  Tyndall  discovered  that 
the  structure  of  the  ice  had  been  broken  down  in  symmetrical 
forms  of  great  beauty,  presenting  minute  stars,  surrounded  by 
six  petals,  forming  a  beautiful  flower,  the  plane  being  always 
parallel  to  the  plane  of  congelation  of  the  ice.  He  then  pre- 
pared a  piece  of  ice,  by  making  both  its  surfaces  smooth  and 
parallel  to  each  other.  He  concentrated  in  the  centre  of  the 
ice  the  rays  of  heat  from  the  electric  light ;  and  then,  placing 
the  piece  of  ice  in  the  electric  microscope,  the  disc  revealed 
these  beautiful  ice-flowers. 

A  mass  of  ice  was  crushed'  into  fragments ;  the  small  frag- 
ments were  then  placed  in  a  cup  of  wood ;  a  hollow  wooden 
die,  somewhat  smaller  than  the  cup,  was  then  pressed  into  the 
cup  of  ice-fragments  by  the  pressure  of  a  hydraulic  press,  and 
the  ice-fragments  were  immediately  united  into  a  compact  cup 
of  nearly  transparent  ice.  This  pressure  of  fragments  of  ice 
into  a  solid  mass  explains  the  formation  of  the  glaciers  and 
their  origin.  They  are  composed  of  particles  of  ice  or  snow ; 
as  they  descend  the  sides  of  the  mountain,  the  pressure  of 
the  snow  becomes  sufficiently  great  to  compress  the  mass  into 
solid  ice,  until  it  becomes  so  great  as  to  form  the  beautiful 
blue  ice  of  the  glaciers.  This  compression,  however,  will  not 
form  the  solid  mass  unless  the  temperature  of  the  ice  be 
near  that  of  freezing  water.  To  prove  this,  the  lecturer  cooled 
a  mass  of  ice,  by  wrapping  it  in  a  piece  of  tinfoil  and  ex- 
posing it  for  some  time  to  a  bath  of  the  ethereal  solution  of 
solidified  carbonic-acid  gas,  the  coldest  freezing  mixture  known. 
This  cooled  mass  of  ice  was  crushed  to  fragments,  and  sub- 
mitted to  the  same  pressure  which  the  other  fragments  had 

been  exposed  to  without  cohering  in  the  slightest  degree.  

Lecture  at  the  Royal  Institution,  1858. 

ANTIQUITY  OF  GLACIERS. 

The  importance  of  glacier  agency  in  the  past  as  well  as 
the  present  condition  of  the  earth,  is  undoubtedly  very  great. 
One  of  our  most  accomplished  and  ingenious  geologists  has. 
indeed,  carried  back  the  existence  of  Glaciers  to  an  epoch 
dim  antiquity,  even  in  the  reckoning  of  that  science  whose 
chronology  is  counted  in  millions  of  years.  Professor  Ramsay 
has  shown  ground  for  believing  that  in  the  fragments  of  rock 
that  go  to  make  up  the  conglomerates  of  the  Permian  strata 
nitermediate  between  the  Old  and  the  New  Red  Sandstone' 
there  is  still  preserved  a  record  of  the  action  of  ice,  either  in 
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glaciers  or  floating  icebergs,  before  those  strata  were  consoli- 
dated.— Saturday  Review,  No.  142. 

FLOW  OF  THE  MER  DE  GLACE. 

Michel  Devouasson  of  Chamouni  fell  into  a  crevasse  on  the 
Glacier  of  Talefre,  a  feeder  of  the  Mer  de  Glace,  on  the  29th 
of  July  1836,  and  after  a  severe  struggle  extricated  himself, 
leaving  his  knapsack  below.  The  identical  knapsack  reap- 
peared in  July  1846,  at  a  spot  on  the  surface  of  the  glacier 
four  thousand  three  hundred  feet  from  the  place  where  it  was 
lost,  as  ascertained  by  Professor  Forbes,  who  himself  collected 
the  fragments ;  thus  indicating  the  rate  of  flow  of  the  icy  river 
in  the  intervening  ten  years. — Quarterly  Review,  No.  202. 

THE  ALLUVIAL  LAND  OF  EGYPT  :  ANCIENT  POTTERY. 

Mr.  L.  Horner,  in  his  recent  researches  near  Cairo,  with  the 
view  of  throwing  light  upon  the  geological  histoiy  of  the  allu- 
vial land  of  Egypt,  obtained  from  the  lowest  part  of  the  boring 
of  the  sediment  at  the  colossal  statue  of  Rameses,  at  a  depth  of 
thirty-nine  feet,  this  curious  relic  of  the  ancient  world ;  the 
boring  instrument  bringing  up  a  fragment  of  pottery  about  an 
inch  square  and  a  quarter  of  an  inch  in  thickness — the  two 
surfaces  being  of  a  brick-red  colour,  the  interior  dark  gray. 
According  to  Mr.  Horner's  deductions,  this  fragment,  having 
been  found  at  a  depth  of  39  feet  (if  there  be  no  fallacy  in  his 
reasoning),  must  be  held  to  be  a  record  of  the  existence  of  man 
13,375  years  before  a.d.  1858,  reckoning  by  the  calculated  rate 
of  inci-ease  of  thi-ee  inches  and  a  half  of  alluvium  in  a  century 
— 11,517  years  before  the  Christian  era,  and  7625  before  the 
beginning  assigned  by  Lepsius  to  the  reign  of  Menos,  the 
founder  of  Memphis.  Moreover  it  proves  in  his  opinion,  that 
man  had  already  reached  a  state  of  civilisation,  so  far  at  least 
as  to  be  able  to  fashion  clay  into  vessels,  and  to  know  how 
to  harden  it  by  the  action  of  strong  heat.  This  calculation  is 
supported  by  the  Chevalier  Bunsen,  who  is  of  opinion  that  the 
first  epochs  of  the  history  of  the  human  race  demand  at  the 
least  a  period  of  20,000  years  before  our  era  as  a  fair  starting- 
point  in  the  earth's  history. — Proceedings  of  Royal  Soc,  1858. 

Upon  this  theory,  a  Correspondent,  "  An  Old  Indigo-Planter,"  writes 
to  the  A  thenceum,  No.  1509,  the  following  suggestive  note :  "  Having  hved 
many  years  on  the  banks  of  the  Ganges,  I  have  seen  the  stream  encroach 
on  a  village,  undermining  the  bank  where  it  stood,  and  deposit,  as  a 
natural  result,  bricks,  pottery,  &c.  in  the  bottom  of  the  stream.  On 
one  occasion,  I  am  certain  that  the  depth  of  the  stream  where  the  bank 
was  breaking  was  above  40  feet ;  yet  in  three  years  the  current  of  the 
river  drifted  so  much,  that  a  fresh  deposit  of  soil  took  place  over  the 
dibris  of  the  village,  and  the  earth  was  raised  to  a  level  with  the  old 
bank.  Now  had  our  traveller  then  obtained  a  bit  of  pottery  from  where 
it  had  lain  for  only  three  years,  could  he  reasonably  draw  the  inference 
that  it  had  been  made  13,000  years  before  ?" 
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SUCCESSIVE  CHANGES  OF  THE  TEMPLE  OF  SEEAPIS. 

The  Temple  of  Serapis  at  Puzzuoli,  near  Naples,  is  per- 
haps, of  all  the  structures  raised  by  the  hands  of  man,  the  one 
which  affords  most  instruction  to  a  geologist.  It  has  not  only 
undergone  a  wonderful  succession  of  changes  in  past  time,  but 
is  still  undergoing  changes  of  condition.  This  edifice  was  ex- 
humed in  1750  from  the  eastern  shore  of  the  Bay  of  Baiae,  con- 
sisting partly  of  strata  containing  marine  shells  with  frag- 
ments of  pottery  and  sculpture,  and  partly  of  volcanic  matter 
of  sub-aerial  origin.  Various  theories  were  proposed  in  the  last 
century  to  explain  the  perforations  and  attached  animals  ob- 
served on  the  middle  zone  of  the  three  erect  marble  columns 
until  recently  standing ;  Goethe,  among  the  rest,  suggesting 
that  a  lagoon  had  once  existed  in  the  vestibule  of  the  temple, 
filled  during  a  temporary  incursion  of  the  sea  with  salt  water, 
and  that  marine  moUusca  and  annelids  flourished  for  years  in 
this  lagoon  at  twelve  feet  or  more  above  the  sea-level. 

This  hypothesis  was  advanced  at  a  time  when  almost  any 
amount  of  fluctuation  in  the  level  of  the  sea  was  thought  more 
probable  than  the  slightest  alteration  in  the  level  of  the  solid 
laud.  In  1807  the  architect  Niccolini  observed  that  the  pave- 
ment of  the  temple  was  dry,  except  when  a  violent  south  wind 
was  blowing ;  whereas,  on  revisiting  the  temple  fifteen  years 
later,  he  found  the  pavement  covered  by  salt  water  twice  every 
day  at  high  tide.  From  measurements  made  from  1822  to 
1838,  and  thence  to  1845,  he  inferred  that  the  sea  was  gaining 
annually  upon  the  floor  of  the  temple  at  the  rate  of  about  one- 
third  of  an  inch  during  the  first  period,  and  about  three-fourths 
of  an  inch  during  the  second.  Mr.  Smith  of  Jordan  Hill,  from 
his  visits  in  1819  and  1845,  found  an  average  rise  of  about  an 
inch  annually,  which  was  in  accordance  with  visits  made  by 
Mr.  Babbage  in  1828,  and  Professor  James  Forbes  in  1826  and 
184.3.  In  1852  Signor  Scaecchi,  at  the  request  of  Sir  Charles 
Lyell,  compared  the  depth  of  water  on  the  pavement  with  its 
level  taken  by  him  in  1839,  and  found  that  it  had  gained  only 
4^  inches  in  thirteen  years,  and  was  not  so  deep  as  when  MM. 
Niccolini  and  Smith  measured  it  in  1845 ;  from  which  he  in- 
ferred that  after  1845  the  downward  movement  of  the  land 
had  ceased,  and  before  1852  had  been  converted  into  an  up- 
ward movement. 

Arago  and  others  maintained  that  the  surface  on  which  the 
temple  stands  has  been  depressed,  has  remaimd  wider  the  sea 
and  has  again  been  elevated.  Russager,  however,  contends  that 
there  is  nothmg  in  the  vicinity  of  the  temple,  or  in  the  temple 
itselt  to  justify  this  bold  hypothesis.  Every  thing  leads  to  the 
behef  that  the  temple  has  remained  unchanged  in  the  position 
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in  which  it  was  originally  built ;  but  that  the  sea  rose,  sur- 
rounded it  to  a  height  of  at  least  twelve  feet,  and  again  re- 
tired ;  but  the  elevated  position  of  the  sea  continued  sufficiently 
long  to  admit  of  the  animals  boring  the  pillars.  This  view  can 
even  be  proved  historically;  for  Niccoliui,  in  a  memoir  pub- 
lished in  1840,  gives  the  heights  of  the  level  of  the  sea  in  the 
Bay  of  Naples  for  a  period  of  1900  years,  and  has  with  much 
acuteness  proved  his  assertions  historically.  The  correctness 
of  Russager's  opinion,  he  states,  can  be  demonstrated  and  re- 
duced to  figures  by  means  of  the  dates  collected  by  Niccolini. 
— See  Jameson's  Journal,  No,  58. 

At  the  present  time  the  floor  is  always  covered  with  sea- water. 
On  the  whole,  there  is  little  doubt  that  the  ground  has  sunk 
upwards  of  two  feet  during  the  last  half-century.  This  gradual 
subsidence  confirms,  in  a  remarkable  manner  Mr.  Babbage's 
conclusions — drawn  from  the  calcareous  incrustations  formed 
by  the  hot  springs  on  the  walls  of  the  building  and  from  the 
ancient  lines  of  the  water-level  at  the  base  of  the  three  columns 
—that  the  original  subsidence  was  not  sudden,  but  slow  and 
by  successive  movements. 

Sir  Charles  Lyell  (who,  in  his  Principles  of  Geology,  has 
given  a  detailed  account  of  the  several  upfillings  of  the  temple) 
considers  that  when  the  mosaic  pavement  was  re-constructed, 
the  floor  of  the  building  must  have  stood  about  twelve  feet 
above  the  level  of  1838  (or  about  11^  feet  above  the  level  of  the 
sea),  and  that  it  had  sunk  about  nineteen  feet  below  that  level 
before  it  was  elevated  by  the  eruption  of  Monte  Nuovo. 

We  regret  to  add,  that  the  columns  of  the  temple  are  no 
longer  in  the  position  in  which  they  served  so  many  years  as  a 
species  of  self -registering  hydrometer :  the  materials  have  been 
newly  arranged,  and  thus  has  been  torn  as  it  were  from  history 
a  page  which  can  never  be  replaced. 

THE  GROTTO  DEL  CANE. 

This  "  Dog  Grotto"  has  been  so  much  cited  for  its  stratum 
of  carbonic-acid  gas  covering  the  floor,  that  all  geological  tra- 
vellers who  visit  Naples  feel  an  interest  in  seeing  the  wonder. 

This  cavern  was  known  to  Pliny.  It  is  continually  exhaling 
from  its  sides  and  floor  volumes  of  steam  mixed  with  carbonic- 
acid  gas  ;  but  the  latter,  from  its  greater  specific  gravity,  accu- 
mulates at  the  bottom,  and  flows  over  the  step  of  the  door. 
The  upper  part  of  the  cave,  therefore,  is  free  from  the  gas, 
while  the  floor  is  completely  covered  by  it.  Addison,  on  his 
visit,  made  some  interesting  experiments.  He  found  that  a 
pistol  could  not  be  fired  at  the  bottom ;  and  that  on  laymg  a 
train  of  gunpowder  and  igniting  it  on  the  outside  of  the  ca- 
vern, the  carbonic-acid  gas  "  could  not  intercept  the  tram  of 
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fire  when  it  once  began  flashing,  nor  hinder  it  from  running  to 
the  very  end."  He  found  that  a  viper  was  nine  minutes  in 
dying  on  the  first  trial,  and  ten  minutes  on  the  second  ;  this 
increased  vitality  being,  in  his  opinion,  attributable  to  the 
stock  of  air  which  it  had  inhaled  after  the  first  trial.  Dr. 
Daubeny  found  that  phosphorus  would  continue  lighted  at 
about  two  feet  above  the  bottom  ;  that  a  aulphur-match  went 
out  in  a  few  minutes  above  it,  and  a  wax-taper  at  a  still  higher 
level  The  keeper  of  the  cavern  has  a  dog,  upon  which  he 
shows  the  efi"ects  of  the  gas,  which,  however,  are  quite  as  well, 
if  not  better,  seen  in  a  torch,  a  lighted  candle,  or  a  pistol. 

"  Unfortunately,"  says  Professor  Silliman,  "like  some  other 
grottoes,  the  enchantment  of  the  'Dog  Grotto'  disappears 
a  near  view."  It  is  a  little  hole  dug  artificially  in  the  side  of  a 
hill  facmg  Lake  Agnano  ;  it  is  scarcely  high  enough  for  a  per- 
son to  stand  upright  in,  and  the  aperture  is  closed  by  a  door. 
Into  this  narrow  cell  a  poor  little  dog  is  very  unwillingly  dragged 
and  placed  in  a  depression  of  the  floor,  where  he  is  soon  nar- 
cotised by  the  carbonic  acid.  The  earth  is  warm  to  the  hand, 
and  the  gas  given  out  is  very  constant. 

THE  WATERS  OF  THE  GLOBE  GRADUALLY  DECREASING. 

This  was  maintained  by  M.  Bory  Saint  Vincent,  because 
the  vast  deserts  of  sand,  mixed  up  with  the  salt  and  remains  of 
marine  animals,  of  which  the  surface  of  the  globe  is  partly  com- 
posed, were  formerly  inland  seas,  which  have  insensibly  become 
dry.    The  Caspian,  the  Dead  Sea,  the  Lake  Baikal,  <fec.  will 
become  dry  m  theu-  turn  also,  when  their  beds  wiU  be  sandy 
1  ;t  T-x®  ^"^^^""^        whether  they  have  only  one  outlet 
as  the  Mediterranean,  the  Red  Sea,  the  Baltic,  &c.,  or  whether 
they  have  several  as  the  Gulf  of  Mexico,  the  seas  of  O'Kotsk, 
of  Japan,  China  &c.,  will  at  some  future  time  cease  to  com- 
municate with  the  great  basins  of  the  ocean  ^  they  will  become 
inland  seas,  true  Caspians,  and  in  due  time  wiU  become  Hke- 
wise  dry.    On  all  sides  the  waters  of  rivers  are  seen  to  carry 
tZl  A  u  *\^^^«o'^Sse  the  soil  of  the  continent.  Alluvii 
and     ?hi        y^'  themselves  near  the  coasts, 

?L  J     A  of  the  currents;  madreporic  animals  lay 

IserwhtT)?  ^fi^'  straits  become 

closed,  while  the  depths  of  the  sea  fill  up,  the  level  of  the  sea 
which  It  would  seem  natural  should  become  higher  is  sensibly 
mTtter.  ^^^^^  diminution  of  SquiJ 

THE  SALT  LAKE  OF  UTAH. 

xne^Sa?t  w  ""^^^^^  '"''^^y^*^       g^eat  basin  of 

xne  bait  Lake,  states  the  water  to  be  about  oSe-third  salt, 
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which  it  yields  on  boiling.  Its  density  is  considerably  greater 
than  that  of  the  Red  Sea.  One  can  hardly  get  the  whole  body 
below  the  surface :  in  a  sitting  position  the  head  and  shoulders 
will  remain  above  the  water,  such  is  the  strength  of  the  brine ; 
and  on  coming  to  the  shore  the  body  is  covered  with  an  incrus- 
tation of  salt  in  tine  crystals.  During  summer  the  lake  throws 
on  shore  abundance  of  salt,  while  in  winter  it  throws  up  Glau- 
ber salt  plentifully.  "  The  reason  of  this,"  says  Lieutenant 
Gunnison,  "  is  left  for  the  scientific  to  judge,  and  also  what 
becomes  of  the  enormous  amount  of  fresh  water  poured  into  it 
by  three  or  four  large  rivers,— Jordan,  Bear,  and  Weber,— as 
there  is  no  visible  effect." 

FORCE  OF  EUNNING  WATER. 

It  has  been  proved  by  experiment  that  the  rapidity  at  the 
bottom  of  a  stream  is  every  where  less  than  in  any  other  part  of 
it,  and  is  greatest  at  the  surface.  Also,  that  in  the  middle  of 
the  stream  the  particles  at  the  top  move  swifter  than  those  at 
the  sides.  This  slowness  of  the  lowest  and  side  currents  is  pro- 
duced by  friction;  and  when  the  rapidity  is  sufficiently  great, 
the  soil  composing  the  sides  and  bottom  gives  way.  If  the  water 
flows  at  the  rate  of  three  inches  per  second,  it  will  tear  up  tine 
clay :  six  inches  per  second,  fine  sand ;  twelve  inches  per  second, 
fine  gravel;  and  three  feet  per  second,  stones  the  size  of  an 
egg. — Sir  Charles  Lyell. 

THE  ARTESIAN  WELL  OF  GRENELLE  AT  PARIS. 

M  PeHgot  has  ascertained  that  the  Water  of  the  Artesian 
Well  of  Grinelle  contains  not  the  least  trace  of  air.  Subterra- 
nean waters  ought  therefore  to  be  aerated  before  being  used  as 
Sent  Accordingly,  at  Grenelle,  has  been  constructed  a 
towerrfrom  the  top  of  which  the  water  descends  in  innumer- 
able threads,  so  as  to  present  as  much  surface  as  possible  to 

'^^Th;  boring  of  this  WeU  by  the  Messrs.  Mot  occupied  seven 
vears  one  month,  twenty-six  days,  to  the  depth  of  1 '945  Lug 
^sh  feet  or  1944  feet  below  the  depth  at  which  M.  Elie  de 
&auS)nt  foretold  that  water  would  be  found  The  sound  or 
borTweighed  20,0001b.,  and  was  treble  the  height  of  that  of 
+?rjnmp  of  the  H6pital  des  Invalides  at  Pans.  In  May  1837, 

85  feet  3  inches  into  the  chalk  I 
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The  depth  of  the  Grenelle  "Well  is  nearly  four  times  the  height  of 
Strasburg  Cathedral ;  more  than  six  times  the  height  of  the  H6pital 
des  Invalides  at  Paris;  more  than  four  times  the  height  of  St.  Peter's 
at  Rome ;  nearly  four  times  and  a  half  the  height  of  St.  Paul's,  and  nine 
times  the  height  of  the  Monument,  London.  Lastly,  suppose  all  the 
above  edifices  to  be  piled  one  upon  each  other,  from  the  base-line  of  the 
Well  of  Grenelle,  and  they  would  but  reach  within  Hi  feet  of  its  surface. 

MM.  Elie  de  Beaumont  and  Arago  never  for  a  moment  doubted  the 
final  success  of  the  work ;  their  confidence  being  based  on  analogy,  and 
on  a  complete  acquaintance  with  the  geological  structure  of  the  Paris 
basin,  which  is  identical  with  that  of  the  London  basin  beneath  the 
London  clay. 

In  the  duchy  of  Luxembourg  is  a  well  the  depth  of  which  surpasses 
all  others  of  the  kind.  It  is  upwards  of  1000  feet  more  than  that  of 
Grenelle  near  Paris. 


HOW  THE  GULF-STREAM  REGULATES  THE  TEMPERATURE  OF 

LONDON. 

Great  Britain  is  almost  exactly  under  the  same  latitude  as 
Labrador,  a  region  of  ice  and  snow.  Apparently,  the  chief 
cause  of  the  remarkable  difference  between  the  two  climates 
arises  from  the  action  of  the  great  oceanic  Gulf-Stream,  whereby 
this  country  is  kept  constantly  encircled  with  waters  warmed 
by  a  West- Indian  sun. 

_  Were  it  not  for  this  unceasing  current  from  tropical  seas,  London 
instead  of  its  present  moderate  average  winter  temperature  of  6°  above 
the  freezmg-pomt,  might  for  many  months  annually  be  ice-bound  bv  a 
settled  cold  of  10°  to  30=  below  that  point,  and  have  its  pleasant  summer 
months  replaced  by  a  season  so  short  as  not  to  allow  com  to  ripen  or 
only  an  alpine  vegetation  to  flourish.  ' 

Nor  are  we  without  evidence  afforded  by  animal  life  of  a  greater 
cold  havmg  prevaUed  m  this  country  at  a  late  geological  period  One 
Tov,^,  t^^c^ar  occurs  within  eighty  miles  of  London,  at  the  villao-e 
of  Chillesford,  near  Woodbndge,  where,  in  a  bed  of  clayey  sand  of  an 
Mfe  but  little  (geologically  speaking)  anterior  to  the  London  gravel  Mr 
Prestwich  has  found  a  group  of  fossil  shells  in  greater  part  identical 
with  species  now  hving  in  the  seas  of  Greenland  and  of  similar  latitudes 
^nd  which  must  evidently,  from  their  perfect  condition  and  natural 
"position  have  existed  m  the  place  where  they  are  now  met  with  —Lee 
ures  on  t/te  Geology  ofClapkam,  dec.  ly  Joseph  Prestwich,  A.R.iS.,  F.Q.S. 

OLVENT  ACTION  OF  COMMON  SALT  AT  HIGH  TEMPERATURES. 

Forchhammer,  after  a  long  series  of  experiments,  has  come 
t  <^hat  Common  Salt  at  high  temperatures,  such 

prevailed  at  earher  periods  of  the  earth's  history,  acted  as 
general  solvent,  similarly  to  water  at  common  temperatures 
he  amount  of  common  salt  in  the  earth  would  suffice  to  cover 
s  whole  surface  with  a  crust  ten  feet  in  thickness. 

FREEZING  CAVERN  IN  RUSSIA. 

This  famous  Cavern,  at  Ithetz  Kaya-Zastchita,  in  the  Steppea 
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of  the  Kirghis,  is  employed  by  the  inhabitants  as  a  cellar.  It 
has  the  very  remarkable  property  of  being  so  intensely  cold 
trinfthe  hottest  summers  as  to  be  then  filled  with  ice,  which 
disannearing  with  cold  weather,  is  entirely  gone  in  winter  when 
Si  thHoSy  is  clad  in  snow.   The  roof  is  hung  with  ever- 
drippLg  soli/icicles,  and  the  floor  may  be  called  a  sta  agmi  e 
of  Tee  and  frozen  earth.    "  If,"  says  Sir  R.  Murchison,  "  as  we 
were  assured,  the  cold  is  greatest  when  tli^  external  air  u  hottest 
and  driest  that  the  fall  of  rain  and  a  moist  atmosphere  produce 
^ome  Snution  of  the  cold  in  the  cave,  and  that  upon  the  set- 
ti^-in  of  winter  the  ice  disappears  entirely,-then  indeed  the 
pSem  is  very  curious."    The  peasants  assert  that  in  winter 
they  could  sleep  in  the  cave  without  their  sheepskins. 

INTEEIOR  TEMPEEATUEE  OF  THE  EARTH  :  CENTRAL  HEAT. 

By  the  observed  temperature  of  mines,  and  that  at  the  bot- 
tom of  artesian  wells,  it  has  been  established  that  the  rate  at 
which  such  temperature  increases  as  we  descend  vanes  consi- 
derably in  different  locaUties,  where  the  depths  are  compara- 
tively small;  but  where  the  depths  are  great,  we  find  a  much 
nearer  Sproximation  to  a  common  rate  of  increase,  which  as 
Setermined  by  the  best  observation  m  the  deepest  mmes,  shafts 
and  artesian  wells  in  Western  Bu^pe,  is  very  nearly  I  F  /<« 
mi  increase  in  depth  of  fifty  feet.—W.  Hopkins,  M.A.,  F.R.S. 

XXldtlLtes-'SfaC  according  to  tolerably  «,om^^^^^^^^ 
exneriments  in  artesian  weUs,  it  has  been  shown  that  the  heat 
i^crea^s  on  an  average  about  1°  for  every  54-5  feet.  If  this 
increa  e  can  bTreduced  to  arithmetical  relations,  it  will  foUow 
that  a  stratum  of  granite  would  be  in  a  state  of  fusion  at  a 
depth  of  nearly  twenty-one  geographical  miles,  or  between 
?our  and  five  times  the 'elevation  of  the  highest  summit  of  the 

"'The  following  is  the  opinion  of  Professor  Silliman  : 

S  Se  Senior  pSti^^  ll'^:^' Z^'S^LX^I^I 
of  it,  is  an  ocean  °f  ^^^^^^^J^J^a^g^^  by  the  phenomena 

dare  not  affirm  I  .  «/^J™J^ith  their  eruption  have  been  ascer- 
of  volcanoes,    i he  tacis  ^"""^"-"^  ,  accounted 

tainedand  placed  beyond  a  doubt   How^^  t^^^^^  ^^^^ 
for?    The  tlieory  prevalent  some  years  smce^  t  ^ 

tne^r'SMTnTe  woMi  K  afford  fuel  enough  for  one 
nf  the  tremendous  eruptions  of  Vesuvius. 

Throbsorved  increase  of  temperature  i^.  descending  be- 
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its  present  solidity  by  the  radiation  of  heat  into  surrounding 
space,  and  its  consequent  refrigeration. 

The  mathematical  solution  of  this  problem  of  Central  Heat, 
assuming  such  heat  to  exist,  tells  us  that  though  the  central 
portion  of  the  earth  may  consist  of  a  mass  of  molten  matter, 
the  temperature  of  its  surface  is  not  thereby  increased  by  more 
than  the  small  fraction  of  a  degree.  Poisson  has  calculated 
that  It  would  require  a  thousand  millions  of  cenhtries  to  reduce 
this  fraction  to  a  degree  by  half  its  present  amount,  supposing 
always  the  external  conditiohs  to  remain  unaltered.  In  such 
cases,  the  superficial  temperature  of  the  earth  may,  in  fact,  be 
considered  to  have  approximated  so  near  to  its  ultimate  limit 
that  It  can  be  subject  to  no  further  sensible  change. 

DISAPPEAEANCE  OF  VOLCANIC  ISLANDS. 

Many  of  the  Volcanic  Islands  thrown  up  above  the  sea-level 
soon  disappear,  because  the  lavas  and  conglomerates  of  which 
they  are  formed  spread  over  flatter  surfaces,  through  the  weight 
ot  the  incumbent  fluid;  and  the  constant  levelling  process  ^es 
on  below  the  sea  by  the  action  of  tides  and  currents.  Such 
islands  as  have  eflfectually  resisted  this  action  are  found  to 
possess  a  solid  framework  of  lava,  supporting  or  defending  the 
loose  fragmentary  materials.  umg  me 

Among  the  most  celebrated  of  these  phenomena  in  our  times  mav  ba 
mentioned  the  Isle  of  Sabrina,  which  rose  off  the  coast  of  SrMSl's 
in  ISn,  attained  a  circumference  of  one  mile  and  a  height  of  300  feet 

wel  iS'^/S  ^°  "'g^*  °^°°th«  ;  in  the  following  year  tS 

were  eighty  fathoms  of  water  in  its  place.    In  July  1831  aoDear/d  r 

ie^r^J'^^f.K^'^^^ri'  °f  SicilyT which  attained  a  nife^L  ScuS: 

J?^  subterranean  fire  which  we  trace  on  the 

E^SiH?  d"'  ^'b  strange  attestation  in  Graham'^ 
il  ^l      1^^  described  as  a  volcano  suddenly  bursting 

forth  m  the  mid-sea  between  Sicily  and  Africa  Turn W  fo? 
several  weeks  and  throwing  up  an  isle,  or  crater  cone  of  scoril 
and  ashes,  which  had  scarcely  been  named  before  it  was  aSn 
lost  by  subsidence  beneath  the  sea,  leaving^y  a  sS  h?n? 
to  attest  this  strange  submarine  breach  in^Jf  earth^s  c^ust 
which  hus  mingled  fire  and  water  in  one  common  action  ' 

i^Joating  islands  are  not  very  rare  •  in  ift??  n,,^  ^ 
twenty  leagues  to  the  east  of  thJ  Azores    it  wis  ?Wp T 

straw,  and  pieces  of  wood.  '   ^  cajxes, 

■  PERPETUAL  FIEE. 


118  Things  not  generally  Known. 


by  Captain  Beaufort.  It  was  found  by  Lieutenant  Spratt  and 
Professor  Forbes,  thirty  years  later,  as  brilliant  as  ever,  and 
somewhat  increased  ;  for  besides  the  large  flame  in  the  corner 
of  the  ruins  described  by  Beaufort,  there  were  small  jets  issuing 
from  crevices  in  the  side  of  the  crater-like  cavity  five  or  six  feet 
deep.  At  the  bottom  was  a  shallow  pool  of  sulphureous  and 
turbid  water,  regarded  by  the  Turks  as  a  sovereign  remedy  for 
all  skin  complaints.  The  soot  deposited  from  the  flames  was 
held  to  be  efficacious  for  sore  eyelids,  and  valued  as  a  dye  for 
the  eyebrows.  This  phenomenon  is  described  by  Pliny  as  the 
flame  of  the  Lycian  Chimera. 

AKTESIAN  FIKE-SPKINGS  IN  CHINA. 
According  to  the  statement  of  the  missionary  Imbert,  the 
Fire-Springs,  "  Ho-tsing"  of  the  Chinese,  which  are  sunk  to 
obtain  a  carburetted-hydrogen  gas  for  salt-boiling,  far  exceed 
our  artesian  springs  in  depth.  These  springs  are  very  com- 
monly more  than  2000  feet  deep ;  and  a  spring  of  contmued 
flow  was  found  to  be  3197  feet  deep.  This  natural  gas  has 
been  used  in  the  Chinese  province  Tse-tschuan  for  several 
thousand  years  ;  and  "portable  gas"  (in  bamboo-canes)  has  for 
ages  been  used  in  the  city  of  Khiung-tscheu.  More  recently, 
in  the  vUlage  of  Fredonia,  in  the  United  States,  such  gas  has 
been  used  both  for  cooking  and  for  illumination. 

VOLCANIC  ACTION  THE  GREAT  AGENT  OF  GEOLOGICAL 

CHANGE. 

Mr.  James  Nasmyth  observes,  that  "  the  floods  of  molten  lava  which 
volcanoes  eject  are  nothing  less  than  remaining  portions  of  what  was 
once  the  condition  of  the  entire  globe  when  m  the  igneous  state  of  its 
early  physical  history,— no  one  knows  how  many  years  ago  ! 

''When  we  behold  the  glow  and  feel  the  heat  of  molten  lava,  how 
vastly  does  it  add  to  the  interest  of  the  sight  when  we  consider  that  the 
heat  we  feel  and  the  light  we  see  are  the  residue  of  the  once  universal 
condition  of  our  entire  globe,  on  whose  cooled  surface  v>e  now  live  and 
have  our  being  !  But  so  it  is ;  for  if  there  be  one  great  fact  which  geo- 
Soa"  researfh  has  established  beyond  aU  doubt  that  ^   ^  ,de 

on  the  cooled  surface  of  what  was  once  a  molten  globe  and  that  a  1  the 
nLnomena  wS  geology  has  brought  to  light  can  be  most  satisfac- 
SlyTaced  trthe^succek^^  changes  incidental  to  its  gradual  coobng 
and  contraction  i„to  the  yet  hot  and  molten  interior  of 

the  globe  may  occasionally  occur,  and  enhance  and  v-Y  th^^^^^^^^^^ 
Jhe  phenomenon  of  volcanic  action,  ^^^\^'^.^r%tet^^^^^ 
nation  of  water  in  such  cases  is  only  secondary.  But  tor  tne  pre-exisung 
hSterarrature  of  the  interior  of  the  earth,  the  influx  of  water  woidd 
Sucrno  such  discharges  of  molten  lava  as  generally  characterise  vol- 
eruptfons':  ^  Molte^  lava  is  therefore  a  true  vestige  of  the  Natural 
History  of  the  Creation." 
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THE  SNOW-CAPPED  VOLCANO. 

Tt  is  but  rarely  that  the  elastic  forces  at  work  within  the 
interior  of  our  globe  have  succeeded  in  breaking  through  the 
spiral  domes  which,  resplendent  in  the  brightness  of  eternal 
snow,  crown  the  summits  of  the  Cordilleras ;  and  even  where 
these  subterranean  forces  have  opened  a  permanent  communi- 
cation with  the  atmosphere,  through  circular  craters  or  Ions 
hssures,  they  rarely  send  forth  currents  of  lava,  but  merely 

Sfr.f'^  i!  ^^f^"^'  sulphuretted  hydrogen  gas,  and 

jets  of  carbonic  acid.— Humboldt's  Cosmos,  vol.  i. 

TRAVELS  OF  VOLCANIC  DUST. 

fell  ?nthe'o?Ll®T  l^f'  ^  ^"^^^^^^  °f  ^^^^^^^  I>"st 

leil  m  the  Orkney  Islands,  which  was  supposed  to  have  oriffiu- 

Saine'dlff ^!'^''  ^  ^^^--^  I*  was  subJequSy 
ascertained  that  an  eruption  of  that  volcano  took  place  on  ihi 

doubtTf  tt*''  ''^^^        ^'^P*^™^-  2),  so  as  r  Lve  no 
ttvldS^urKl^ 

GREAT  ERUPTIONS  OF  VESUVIUS, 

w-S'  ^""^^  eruption  of  Vesuvius,  in  August  1779  which 
Sir  William  Hamilton  witnessed  from  his  villa  at  PauSnn 

66  feet  in  circuXence  and  ?^  ^"-^^  '^  ^       ^""""^  ' 
hieh  and  99  fp«f  w      ^  ,  ^^^t,  and  another  16  feet 

fi^gments    Ir  Wi  StS''  °f  ^^^I'e 

of  fhe  above  Sndti^Tane^^^^^^^^^  from  a  scene 

giants  waging  war  wTth  rpfter/'''^  the 

part  of  th7t'C  IfiZe  Silf '  '^f'^''  ^^^'^^ 

violent  that  harbeen  recorded  afSr^^^^^^^  '°^''^''''  '^"^^ 
79  and  1631.  recorded  after  the  two  great  eruptions  of 

EARTH-WAVES. 

The  waves  of  an  earthquake  have  been  represented  in  their 


120 


Things  not  geyierallij  Known. 


progress,  and  their  propagation,  through  rocks  of  different 
density  and  elasticity ;  and  the  causes  of  the  rapidity  of  pro- 
pagation, and  its  diminution  by  the  refraction,  reflection,  and 
interference  of  the  oscillations  have  been  mathematically  in- 
vestigated. Air,  water,  and  earth  waves  follow  the  same  laws 
which  are  recognised  by  the  theory  of  motion,  at  all  events  in 
space  ;  but  the  earth-waves  are  accompanied  in  their  destruc- 
tive action  by  discharges  of  elastic  vapours,  and  of  gases,  and 
mixtures  of  pyroxene  crystals,  carbon,  and  infusorial  animal- 
cules with  silicious  shields.  The  more  terrific  effects  are,  how- 
ever, when  the  earth-waves  are  accompanied  by  cleavage  ;  and, 
as  in  the  earthquake  of  Riobamba,  when  fissures  alternately 
opened  and  closed  again,  so  that  men  saved  themselves  by  ex- 
tending both  arms,  in  order  to  prevent  their  sinking. 

As  a  remarkable  example  of  the  closing  of  a  fissure,  Hum- 
boldt mentions  that,  during  the  celebrated  earthquake  in  1851, 
in  the  Neapolitan  province  of  Basilicata,  a  hen  was  found  caught 
by  both  feet  in  the  street-pavement  of  Barile,  near  Melfi. 

Mr.  Hopkins  has  very  correctly  shown  theoretically  that 
the  fissures  produced  by  earthquakes  are  very  instructive  as 
regards  the  formation  of  veins  and  the  phenomenon  of  disloca- 
tion, the  more  recent  vein  displacing  the  older  formation. 

RUMBLINGS  OF  EARTHQUAKES. 

When  the  great  earthquake  of  Coseguina,  in  Nicaragua, 
took  place,  January  23,  1835,  the  subterranean  noise— the 
sonorous  waves  in  the  earth — was  heard  at  the  same  time  on 
the  island  of  Jamaica  and  on  the  plateau  of  Bogota,  8740  feet 
above  the  sea,  at  a  greater  distance  than  from  Algiers  to  Lon- 
don. In  the  eruptions  of  the  volcano  on  the  island  of  St. 
Vincent,  April  30, 1812,  at  2  a.m.,  a  noise  like  the  report  of 
cannons  was  heard,  without  any  sensible  concussion  of  the  earth, 
over  a  space  of  160,000  geographical  square  miles.  There  have 
also  been  heard  subterranean  thunderings  for  two  years  without 
earthquakes. 

HOW  TO  MEASURE  AN  EARTHQUAKE-SHOCK. 

A  new  instrument  (the  Seismometer)  invented  for  this  pur- 
pose by  M.  Kreil,  of  Vienna,  consists  of  a  pendulum  oscillatmg 
in  every  direction,  but  unable  to  turn  round  on  its  point  of 
suspension;  and  bearing  at  its  extremity  a  cylinder,  which,  by 
means  of  mechanism  within  it,  turns  on  its  vertical  axis  once 
in  twenty-four  hours.  Next  to  the  pendulum  stands  a  rod  bear- 
ing a  narrow  elastic  arm,  which  slightly  presses  the  extremity 
of  a  lead-pencil  against  the  surface  of  the  cylinder.  As  long  as 
the  pendulum  is  quiet,  the  pencil  traces  an  uninterrupted  line 
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on  the  surface  of  the  cylinder  ;  but  as  soon  as  it  oscillates,  this 
line  becomes  interrupted  and  irregular,  and  these  irregularities 
indicate  the  time  of  the  commencement  of  an  earthquake,  to- 
gether with  its  duration  and  intensity.* 

Elastic  fluids  are  doubtless  the  cause  of  the  slight  and  per- 
fectly harmless  trembling  of  the  earth's  surface,  which  has  often 
continued  for  several  days.  The  focus  of  this  destructive  agent, 
the  seat  of  the  moving  force,  lies  far  below  the  earth's  surface ; 
but  we  know  as  little  of  the  extent  of  this  depth  as  we  know  of 
the  chemical  nature  of  these  vapours  that  are  so  highly  com- 
pressed. At  the  edges  of  two  craters,— Vesuvius  and  the  tower- 
ing rock  which  projects  beyond  the  great  abyss  of  Pichincha, 
near  Quito,— Humboldt  has  felt  periodic  and  very  regular  shocks 
of  earthquakes,  on  each  occasion  from  twenty  to  thirty  seconds 
before  the  burning  scorise  or  gases  were  erupted.  The  intensity 
of  the  shocks  was  increased  in  proportion  to  the  time  interven- 
ing between  them,  and  consequently  to  the  length  of  time  in 
which  the  vapours  were  accumulating.  This  simple  fact,  which 
has  been  attested  by  the  evidence  of  so  many  travellers,  furnishes 
us  with  a  general  solution  of  the  phenomenon,  in  showing  that 
active  volcanoes  are  to  be  considered  as  safety-valves  for  the 
immediate  neighbourhood.    There  are  instances  in  which  the 
earth  has  been  shaken  for  many  succfessive  days  in  the  chain  of 
the  Andes,  in  South  America.    In  certain  districts,  the  inha- 
bitants take  no  more  notice  of  the  number  of  earthquakes  than 
we  in  Europe  take  of  showers  of  rain ;  yet  in  such  a  district 
Jionpland  and  Humboldt  were  compelled  to  dismount,  from  the 
restiveness  of  their  mules,  because  the  earth  shook  in  a  forest 
for  hfteen  to  eighteen  minutes  without  intermission. 

EARTHQUAKES  AND  THE  MOON. 

From  a  careful  discussion  of  several  thousand  earthquakes 
Which  have  been  recorded  between  1801  and  1850,  and  a  com- 
parison of  the  periods  at  which  they  occurred  with  the  position 
of  the  moon  in  relation  to  the  earth,  M.  Perry,  of  Dijon,  infers 
if  /v^  J^*^^^®^  possibly  be  the  result  of  attraction  ex- 
erted by  that  body  on  the  supposed  fluid  centre  of  our  globe 
somewhat  similar  to  that  which  she  exercises  on  the  waters  of 
the  ocean ;  and  the  Committee  of  the  Institute  of  France  have 
reported  favourably  upon  this  theory. 

THE  GREAT  EARTHQUAKE  OF  LISBON. 

The  eloquent  Humboldt  remarks,  that  the  activity  of  an  ig- 
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neous  mountain,  however  terrific  and  picturesque  the  spectacle 
may  be  which  it  presents  to  our  contemplation,  is  always  limited 
to  a  very  small  space.    It  is  far  otherwise  with  earthquakes, 
which,  although  scarcely  perceptible  to  the  eye,  nevertheless 
simultaneously  propagate  their  waves  to  a  distance  of  many 
thousand  miles.    The  great  earthquake  which  destroyed  the 
city  of  Lisbon,  November  1st,  1755,  was  felt  in  the  Alps,  on 
the  coast  of  Sweden,  into  the  Antilles,  Antigua,  Barbadoes, 
and  Martinique  ;  ia  the  great  Canadian  lakes,  in  Thuringia,  in 
the  fiat  country  of  northern  Germany,  and  in  the  small  inland 
lakes  on  the  shores  of  the  Baltic.    Remote  springs  were  inter- 
rupted in  their  flow, — a  phenomenon  attending  earthquakes 
which  had  been  noticed  among  the  ancients  by  Demetrius  the 
Callatian.    The  hot  springs  of  Toplitz  dried  up  and  returned, 
inundating  every  thing  around,  and  having  their  waters  co- 
loured with  iron  ochre.    At  Cadiz,  the  sea  rose  to  an  elevation 
of  sixty-four  feet ;  while  in  the  Antilles,  where  the  tide  usually 
rises  only  from  twenty-six  to  twenty-eight  inches,  it  suddenly 
rose  about  twenty  feet,  the  water  being  of  an  inky  blackness. 
It  has  been  computed  that,  on  November  1st,  1755,  a  portion 
of  the  earth's  surface  four  times  greater  than  that  of  Europe 
was  simultaneously  shaken.*    As  jet  there  is  no  manifestation 
of  force  known  to  us  (says  the  vivid  denunciation  of  the  phi- 
losopher), including  even  the  murderous  invention  of  our  own 
race,  by  which  a  greater  number  of  people  have  been  killed  in 
the  short  space  of  a  few  minutes  :  60,000  were  destroyed  in 
Sicily  in  1693,  from  30,000  to  40,000  in  the  earthquake  of  Rio- 
bamba  in  1797,  and  probably  five  times  as  many  in  Asia  Minor 
and  Syria  under  Tiberius  and  Justinian  the  elder,  about  the 
years  19  and  526. 

GEOLOGICAL  AGE  OF  THE  DIAMOND. 

The  discovery  of  Diamonds  in  Russia,  far  from  the  tropical 
zone,  has  excited  much  interest  among  geologists.  In  the  de- 
tritus on  the  banks  of  the  Adolfskoi,  no  fewer  than  forty  dia- 
monds have  been  found  in  the  gold  alluvium,  only  twenty  teet 
above  the  stratum  in  which  the  remains  of  mamnioths  and  rm- 
noceroses  are  found.  Hence  Humboldt  has  concluded  that  the 
formation  of  gold-veins,  and  consequently  of  diamonds,  is  com- 
paratively of  recent  date,  and  scarcely  anterior  to  the  destmc- 
tiou  of  the  mammoths.   Sir  Roderick  Murchison  and  M.  Ver- 

*  Tt  has  been  computed  that  the  shock  of  this  earthquake  pervaded  an  area 
of700^S(^  S  or  t'he  twelfth  part  of  ^^f^^^^^^^^^^  %fpopulal!on 
dreadful  shock  lasted  only  five  ^^^^^^^g^t^^  Than  30  000  per- 

note,  EumboldCa  Cosmos. 
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menl.*^''^  ^^^"^        *°        '^""^  "^^^^^^^^  ^^S^- 

WHAT  "WAS  ABAMANT  ? 

PI,-X'"wf '^^T''*  '^P^^^''  Adamant  described  by 

tha?  whpn  \'^PP^"'^'  proved  by  its  form,  and  by  the  fact 
that  when  struck  on  an  anvil  by  a  hammer  it  would  make  an 
indentation  m  the  metal.  A  true  diamond,  undlr  such  circum^ 
stances,  would  fly  into  a  thousand  pieces. 

WHAT  IS  COAL  ? 

DrovP^^if'lIn^!  T"^^""'^-      f.""^^^^^  nature  of  Coal 

estimated,  amounts  to    4fin  i  on  +       I.  ^^^^         "  has  been 

the  coal-beds  ofTncihite  at  tL  ' '  ^f"!  '""^^''^^  t^^* 
will  last  2470  vears    S.t  *^^P^'^«^",<^  rate  of  consumption, 

TORBANE-HILL  COAL, 
brock  a..l»/tLrsr'.h7»X'„rFi?^^^^^^^  'tooCfn 
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nated,  splitting  with  great  ease  horizontally,  like  many  cannel 
coals,  and  like  them  it  may  be  lighted  at  a  candle.  In  all  parts 
of  the  bed  stigmaria  and  other  fossil  plants  occur  in  greater 
numbers  than  in  most  other  coals ;  their  distinct  vascular  tissue 
may  be  easily  recognised  by  a  common  pocket  lens,  and  65i  of 
the  mass  consists  of  carbon.  . 

Dr  Redfern  considers  that  all  our  coals  may  be  arranged  in 
a  scale  having  the  Torbane-Hill  coal  at  the  top  and  anthracite 
at  the  bottom.  Anthracite  is  almost  pure  carbon ;  Torbane  Hiii 
contains  less  fixed  carbon  than  most  other  cannels  :  anthracite 
is  very  difficult  to  ignite,  and  gives  out  scarcely  any  gas  ;  ior- 
bane-Hill  burns  like  a  candle,  and  yields  3000  cubic  feet  of  gas 
per  ton,  more  than  any  other  known  coal,  its  gas  being  also  ot 
oreatly  superior  illuminating  power  to  any  other,  ihe  only 
differences  which  the  Torbane-Hill  coal  presents  from  others 
are  differences  of  degree,  not  of  kind.  It  differs  from  other 
coals  in  being  the  best  gas-coal,  and  from  other  cannels  in  being 
the  best  cannel. 

HOW  MALACHITE  IS  FOBMED. 

The  rich  copper-ore  of  the  Ural,  which  occurs  in  veins  or 
masses,  amid  metamorphic  strata  associated  with  ipeous  rocks 
Sid  even  in  the  hollows  between  the  eruptive  rocks  is  worked 
?n  shafts.  At  the  bottom  of  one  of  these  280  feet  deep,  has 
ieenYound  an  enormous  irregularly- shaped  botryoidal  mass  of 
McdachUe  (Greek  malache,  mountam-green)  .^f         «^  fo"^ 

<rrPPn  conner-ore.    The  upper  surface  of  it  is  about  18  teet 
?onfand  9  S  ;  and  it  was  e's'timated  to  contain  lf,000  poods 
or  half  a  million  pounds,  of  pure  and  compact  malach  te  Sir 
RodSckMurchiL  is  of  opinion  t^^t  this  wond^^^^^^^^^ 
raneous  incrustation  has  been  produced  in  the  stalagmmc 
foim  during  a  series  of  ages,  by  copper  solutions  emanatmg 
frim  the  surrounding  loose  and  sporous  mass,  a'ld  trickl^^^^^ 
through  it  to  the  lowlst  cavity  upon  the  ^^^bjacent  soM  rock 
Malachite  is  brought  chiefly  from  S^^^^^^  '^^  ifof 

as  raw  material  is  nearly  one-fourth  that  of  the  same  weignt  oi 
pur^rilveTor  in  a  manufactured  state  three  guineas  per  pound 
avoirdupois.  * 

LUMPS  OF  GOLD  IN  SIBEBIA. 

The  gold  mines  south  of  Miask  are  chiefly  remarkable  for  the 

with  malachite,  13  feet  '"^'^     "ed     ^^^^^^^  150;.  each. 

1500i.  to  3000/.  a-piece,  malachite  taDies  4uu»., «" 
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here  lumps  of  native  gold  ;  in  that  year  a  lump  of  twenty-four 
pounds  was  met  with ;  and  in  1843  a  lump  weighing  about 
seventy-eight  pounds  English  was  found,  and  is  now  deposited 
with  others  in  the  Museum  of  the  Imperial  School  of  Mines  at 
St.  Petersburg. 

SIE  ISAAC  NEWTON  UPON  BUBNEt's  THEORY  OF  THE  EAUTH. 

In  1668,  Dr.  Thomas  Burnet  printed  his  Theoria  Telluria 
Sacra,  "an  eloquent  physico-theological  romance,"  says  Sir 
David  Brewster,  "  which  was  to  a  certain  extent  adopted  even 
by  Newton,  Burnet's  friend.  Abandoning,  as  some  of  the 
fathers  had  done,  the  hexaemeron,  or  six  days  of  Moses,  as  a 
physical  reality,  and  having  no  knowledge  of  geological  pheno- 
mena, he  gives  loose  reins  to  his  imagination,  combining  pass- 
ages of  Scripture  with  those  of  ancient  authors,  and  presump- 
tuously describing  the  future  catastrophes  to  which  the  earth 
is  to  be  exposed."  Previous  to  its  publication,  Burnet  pre- 
sented a  copy  of  his  book  to  Newton,  and  requested  his  opinion 
of  the  theory  which  it  propounded.  Newton  took  "exceptions 
to  particular  passages,"  and  a  correspondence  ensued.  In  one 
of  Newton's  letters  he  treats  of  the  formation  of  the  earth,  and 
the  other  planets,  out  of  a  general  chaos  of  the  figure  assumed 
by  the  earth, — of  the  length  of  the  primitive  days, — of  the  for- 
mation of  hills  and  seas,  and  of  the  creation  of  the  two  ruling 
lights  as  the  result  of  the  clearing  up  of  the  atmosphere.  He 
considers  the  account  of  the  creation  in  Genesis  as  adapted 
to  the  judgment  of  the  vulgar.  "  Had  Moses,"  he  says,  *'  de- 
scribed the  processes  of  creation  as  distinctly  as  they  were  in 
themselves,  he  would  have  made  the  narrative  tedious  and  con- 
fused amongst  the  vulgar,  and  become  a  philosopher  more  than 
a  prophet."  After  referring  to  several "  causes  of  meteors,  such 
as  the  breaking  out  of  vapours  from  below,  before  the  earth 
was  well  hardened,  the  settling  and  shrinking  of  the  whole 
globe  after  the  upper  regions  or  surface  began  to  be  hard," 
Newton  closes  his  letter  with  an  apology  for  being  tedious, 
which,  he  says,  '*he  has  the  more  reason  to  do,  as  he  has  not 
set  down  any  thing  he  has  well  considered,  or  will  undertake  to 
defend. " — See  the  Letter  in  the  Appendix  to  Sir  D.  Brewster" a 
Life  of  Newton,  vol.  ii. 

The  primitive  condition  of  the  earth,  and  its  preparation  for  man, 
was  a  subject  of  general  speculation  at  the  close  of  the  seventeenth  cen- 
tury. Leibnitz,  like  his  great  rival  (Newton),  attempted  to  explain  the 
formation  of  the  earth,  and  of  the  different  substances  which  composed 
it ;  and  he  had  the  advantage  of  possessing  some  knowledge  of  geolo- 

fical  phenomena :  the  earth  he  regarded  as  having  been  originally  a 
uming  mass,  whose  temperature  gradually  diminished  till  the  vapours 
were  condensed  into  a  universal  ocean,  which  cot  ered  the  highest  moun- 
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tains,  and  gradually  flowed  into  vacuities  and  subterranean  cavities  pro- 
duced by  the  consolidation  of  the  earth's  ciiist.  He  regarded  fossils  as 
the  real  remains  of  plants  and  animals  which  had  been  buried  in  the 
strata  ;  and,  in  speculating  on  the  formation  of  mineral  substances,  he 
speaks  of  ci-ystals  as  the  geometry  of  inanimate  nature. — Bremtei's  Lift 
of  Newton,  vol.  ii.  p.  100,  note.  (See  also  "The  Age  of  the  Globe,"  in 
Things  not  generally  Known,  p.  13.) 

"  THE  FATHER  OF  ENGLISH  GEOLOGY." 

In  1769  was  born,  the  son  of  a  yeoman  of  Oxfordshire,  Wil- 
liam Smith.  When  a  boy  he  delighted  to  wander  in  the  fields, 
collecting  "pound-stones"  (^c/imiYes),  *'pundibs"(7'ere5raitt^ffi), 
and  other  stony  curiosities;  and  receiving  little  education  be- 
yond what  he  taught  himself,  he  learned  nothing  of  classics  but 
the  name.  Grown  to  be  a  man,  he  became  a  land-surveyor  and 
civil  engineer,  and  was  much  engaged  in  constructing  canals. 
While  thus  occupied,  he  observed  that  all  the  rocky  masses 
forming  the  substrata  of  the  country  were  gently  inclined  to 
the  east  and  south-east, — that  the  red  sandstones  and  marls 
above  the  coal-measures  passed  below  the  beds  provincially 
termed  lias-clay  and  limestone — that  these  again  passed  un- 
derneath the  sands,  yellow  limestone,  and  clays  that  form  the 
table-land  of  the  Coteswold  Hills  ;  while  they  in  turn  plunged 
beneath  the  great  escarpment  of  chalk  that  runs  from  the  coast 
of  Dorsetshire  northward  to  the  Yorkshire  shores  of  the  German 
Ocean.  He  further  observed  that  each  formation  of  clay,  sand, 
or  limestone,  held  to  a  very  great  extent  its  own  peculiar  suite 
of  fossUs.  The  "snake-stones"  {Ammonites)  of  the  lias  were 
different  in  form  and  ornament  from  those  of  the  inferior  ooUte  ; 
and  the  shells  of  the  latter,  again,  differed  from  those  of  the 
Oxford  clay,  Cornbrash,  and  Kimmeridge  clay.  Pondering 
much  on  these  things,  he  came  to  the  then  unheard-of  con- 
clusion that  each  formation  had  been  in  its  turn  a  sea-bottom, 
in  the  sediments  of  which  lived  and  died  marine  animals  now 
extinct,  many  specially  distinctive  of  their  own  epochs  in  time. 

Here  indeed  was  a  discovery, — made,  too,  by  a  man  utterly 
unknown  to  the  scientific  world,  and  having  no  pretension  to 
scientific  lore.  "  Strata  Smith's"  find  was  unheeded  for  many 
a  long  year  ;  but  at  length  the  first  geologists  of  the  day 
learned  from  the  land-surveyor  that  superposition  of  strata 
is  inseparably  connected  with  the  succession  of  life  in  time. 
Hooke's  grand  vision  was  at  length  realised,  and  it  was  indeed 
possible  "  to  build  up  a  terrestrial  chronology  from  rotten  shells" 
imbedded  in  the  rocks.  Meanwhile  he  had  constructed  the 
first  geological  map  of  England,  which  has  served  as  a  basis  for 
geological  maps  of  all  other  parts  of  the  world,  William  Smith 
was  now  presented  by  the  Geological  Society  with  the  Wollas- 
ton  Medal,  and  haUed  as  "the  Father  of  English  Geology.' 
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He  died  in  1840.  Till  the  manner  as  well  as  the  fact  of  the  first 
appearance  of  successive  forms  of  life  shall  be  solved,  it  is  not 
easy  to  surmise  how  any  discovery  can  be  made  in  geology 
equal  in  value  to  that  which  we  owe  to  the  genius  of  William 
Smith. — Saturday  Review,  No.  140. 

DE.  buckland's  geological  laboues. 

Sir  Henry  De  la  Beche,  in  his  Anniversary  Address  to  the 
Geological  Society  in  1848,  on  presenting  the  Wollaston  Medal 
to  Dr.  Buckland,  felicitously  observed  : 

It  may  not  be  generaUy  known  that,  while  yet  a  child,  at  your 
native  town  Axminster  in  Devonshire,  ammonites,  obtained  by  your 
tather  from  the  hme  quarries  in  the  neighbourhood,  were  presented  to 
your  attention.  As  a  scholar  at  Winchester,  the  chalk,  with  its  flints, 
was  brought  under  your  observation,  and  there  it  was  that  your  collec- 
tions m  natural  history  first  began.  Removed  to  Oxford,  as  a  scholar 
of  Corpus  Chnsti  College,  the  future  teacher  of  geology  in  that  Univer- 
mIZ^M^T^-  i^^«^«eting  with  congenial  tastes  in  our  colleague 
!"&T,*^^°  ^  student  at  Oriel  College.  It  was  during  ylur 
walks  together  to  Shotover  Hill,  when  his  knowledge  of  concholo£rwas 
so  valuable  to  you  enabling  you  to  distinguish  the  shells  of  the  Oxford 
oohte,  that  you  laid  the  foundation  for  those  field-lectures,  forming  part 
hnfhir'^f  of  geology  at  Oxford,  which  no  one  is  Ukei;to  forge^t  who 
has  been  so  fortunate  at  any  time  as  to  have  attended  them.  The  fi-uits 
ofyour  walks  with  Mr.  Broderip  formed  the  nucleus  of  that  great  colk^ 
S>,°'T  especially  remarkable  for  the  organic  remains  h  contains. 

logical  Museum  at  Orford,  m  grave  recollection  of  the  aid  which  the 
endowments  of  that  University,  and  the  leisure  of  its  vacatiais  had 

^^^^^^^^  ^--^  ^  -i^-e      oSrd' of 

DISCOVERIES  OF  M.  AGASSIZ.* 

This  great  paleontologist,  in  the  course  of  his  ichthyolodcal 
researches  was  led  to  perceive  that  the  arrangement  by  Cuvier 
Jn^"?!"  to  organs  did  not  fulfil  its  purpose  with  regard  to 
fossil  fishes  because  in  the  lapse  of  ages  the  characteristics  of 
their  structures  were  destroyed.  He  therefore  adopted  the  only 

""^TTv?  Pll""'  ^""^  ^^""^'^^  tissues,  Which,  being 
less  complex  than  the  organs,  are  oftener  found  intact.  Thf 
result  was  the  very  remarkable  discovery,  that  the  teeumentarv 
membrane  of  fishes  is  so  intimately  connected  S  theTr  S 
nisation,  that  if  the  whole  of  the  fish  has  perished  except  Sis 
"onTtrS'thp"  P-cticable,  by  noting  its  chax^cteristTcsfto  ^e! 
construct  the  animal  m  its  most  essential  parts.  Of  the  value 
of  this  principle  of  harmony,  some  idea  may  be  formed  from 
the  circumstance,  that  on  it  Agassiz  has  based  the  whde  ofS 
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celebrated  classification  of  which  he  is  the  sole  author,  and  by 
which  fossil  ichthyology  has  for  the  first  time  assumed  a  precise 
and  definite  shape.  How  essential  its  study  is  to  the  geologist 
appears  from  the  remark  of  Sir  Roderick  Murchisou,  that  "  fos- 
Bil  fishes  have  every  where  proved  the  most  exact  chronometer 
of  the  age  of  rocks." 

SUCCESSION  OF  LIFE  IN  TIME. 

In  the  Museum  of  Economic  Geology,  in  Jermyn  Street,  may 
be  seen  ores,  metals,  rocks,  and  whole  suites  of  fossils  strati- 
graphically  arranged  in  such  a  manner  that,  with  an  observant 
eye  for  form,  all  may  easily  understand  the  more  obvious  scien- 
tific meanings  of  the  Succession  of  Life  in  Time,  and  its  bearing 
on  geological  economies.  It  is  perhaps  scarcely  an  exaggeration 
to  say,  that  the  greater  number  of  so-called  educated  persons 
are  still  ignorant  of  the  meaning  of  this  great  doctrine.  They 
would  be  ashamed  not  to  know  that  there  are  many  suns  and 
material  worlds  besides  our  own ;  but  the  science,  equally  grand 
and  comprehensible,  that  aims  at  the  discovery  of  the  laws  that 
regulated  the  creation,  extension,  decadence,  and  utter  extinc- 
tion of  many  successive  species,  genera,  and  whole  orders  of  life, 
is  ignored,  or,  if  intruded  on  the  attention,  is  looked  on  as  an 
uncertain  and  dangerous  dream,  — and  this  in  a  country  which 
was  almost  the  nursery  of  geology,  and  which  for  half  a  century 
has  boasted  the  first  Geological  Society  in  the  world. — Saiurday 
Review^  No.  140. 

PRIMITIVE  DIVERSITY  AND  NUMBERS  OF  ANIMALS  IN 
GEOLOGICAL  TIMES. 

Professor  Agassiz  considers  that  the  very  fact  of  certain  stra- 
tified rocks,  even  among  the  oldest  formations,  being  almost 
entirely  made  up  of  fragments  of  organised  beings,  should  long 
ago  have  satisfied  the  most  sceptical  that  both  animal  and 
liegetable  life  were  as  active  and  prof iLsdy  scattered  upon  the  whole 
globe  at  all  times,  and  during  all  geological  periods,  as  they  are 
now.  No  coral  reef  in  the  Pacific  contains  a  larger  amount 
of  organic  debris  than  some  of  the  limestone  deposits  of  the 
tertiary,  of  the  cretaceous,  or  of  the  oolitic,  nay  even  of  the 
paleozoic  period  ;  and  the  whole  vegetable  carpet  covering  the 
present  surface  of  the  globe,  even  if  we  were  to  consider  only 
the  luxuriant  vegetation  of  the  tropics,  leaving  entirely  out  of 
consideration  the  entire  expanse  of  the  ocean,  as  well  as  those 
tracts  of  land  where,  under  less  favourable  circumstances,  the 
growth  of  plants  is  more  reduced,— would  not  form  one  single 
seam  of  workable  coal  to  be  compared  to  the  many  thick  beds 
contained  in  the  rocks  of  the  cax-boniferous  period  alone. 
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ENGLAND  IN  THE  EOCENE  PEEIOD. 

Eocene  is  Sir  Charles  Lyell's  term  for  the  lowest  group  of 
the  Tertiary  system  in  which  the  dawn  of  recent  life  appears ; 
and  any  one  who  wishes  to  realise  what  was  the  aspect  pre- 
sented by  this  country  during  the  Eocene  period,  need  only  go 
to  Sheerness.  If,  leaving  that  place  behind  him,  he  walks 
down  the  Thames,  keeping  close  to  the  edge  of  the  water,  ho 
will  find  whole  bushels  of  pyritised  pieces  of  twigs  and  fruits. 
These  fruits  and  twigs  belong  to  plants  nearly  allied  to  the 
screw- pine  and  custard-apple,  and  to  various  species  of  palms 
and  spice-trees  which  now  flourish  in  the  Eastern  Archipelago. 
At  the  time  they  were  washed  down  from  some  neighbouring 
land,  not  only  crocodilian  reptiles,  but  sharks  and  innumerable 
turtles,  inhabited  a  sea  or  estuary  which  now  forms  part  of  the 
London  district ;  and  huge  boa-constrictors  glided  amongst  the 
trees  which  fringed  the  adjoining  shores. 

Countless  as  are  the  ages  which  intervened  between  the 
Eocene  period  and  the  time  when  the  little  jawbones  of  Stones- 
field  were  washed  down  to  the  place  where  they  were  to  await 
the  day  when  science  should  bring  them  again  to  light,  not  one 
mammalian  genus  which  now  lives  upon  our  plane  has  been 
discovered  amongst  Eocene  strata.  We  have  existing  families, 
but  nothing  more. — Professor  Owen. 


FOOD  OF  THE  IGUANODON. 

Dr.  Mantell,  from  the  examination  of  the  anterior  part  of 
he  right  side  of  the  lower  jaw  of  an  Iguanodon  discovered  in  a 
juarry  in  Tilgate  Forest,  Sussex,  has  detected  an  extraordinary 
leviation  from  all  known  types  of  reptilian  organisation,  and 
■hich  could  not  have  been  predicated;  namely,  that  this  colos- 
a  reptile,  which  equalled  in  bulk  the  gigantic  Edentata  of 
louth  America,  and  like  them  was  destined  to  obtain  support 
[rotn  comminuted  vegetable  substances,  was  also  furnished  with  a 
^rge  prehensile  tongue  and  fleshy  lips,  to  serve  as  instruments 
>r  seizing  and  cropping  the  foliage  and  branches  of  trees : 
•hile  the  arrangement  of  the  teeth  as  in  the  ruminants,  and 
^eir  mternal  structure,  which  resembles  that  of  the  molars  of 
iC  sloth  tribe  in  the  vascularity  of  the  dentine,  indicate  adap- 
tions for  the  same  purpose. 

Among  the  physiological  phenomena  revealed  by  paleonto- 
)gy,  there  is  not  a  more  remarkable  one  than  this  modification 
t  the  type  of  organisation  pecuUar  to  the  class  of  reptiles  to 
leet  the  conditions  required  by  the  economy  of  a  lizard  placed 
uder  similar  physical  relations ;  and  destined  to  effect  the 
fine  general  purpose  in  the  scheme  of  nature  as  the  colossal 
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Edentata  of  former  ages  and  the  large  herbivorous  mammalia 
of  our  own  times. 

THE  PTERODACTYL — THE  FLYING  DEAGON. 

The  Tilgate  beds  of  the  Wealden  series,  just  mentioned,  have 
Yielded  numerous  fragments  of  the  most  remarkable  reptilian 
fossils  yet  discovered,  and  whose  wonderful  forms  denote  them 
to  have  thronged  the  shallow  seas  and  bays  and  lagoons  of  the 
period.    In  the  grounds  of  the  Crystal  Palace  at  Sydenham 
the  reader  will  lind  restorations  of  these  animals  sufficiently 
perfect  to  illustrate  this  reptilian  epoch.  They  include  the  igvxi- 
nodon,  an  herbivorous  lizard  exceeding  in  size  the  largest  ele- 
phant   and  accompanied  by  the  equally  gigantic  and  carni- 
vorous megalosaurus  (great  saurian),  and  by  the  two  yet  more 
curious  reptiles,  the  pylceosaurm  (forest,  or  weald,  saurian)  and 
the  pterodactyl  (from  pteron,  «  wing,'  and  dactylus,  a  hnger  ), 
an  enormous  bat-Uke  creature,  now  running  upon  the  ground 
like  a  bird  ;  its  elevated  body  and  long  neck       covered  with 
feathers,  but  with  skin,  naked,  or  resplendent  with  glittering 
scales  •  its  head  like  that  of  a  lizard  or  crocodile,  and  of  a  size 
a  most  preposterous  compared  with  that  of  the  body  with  es 
long  fore  extremities  stretched  out,  and  connected  by  a  mem- 
brane with  the  body  and  hind  legs.  .  ^^^y,.^A 
Suddenly  this  maUed  creature  rose  m  the  air,  and  reahsed 
or  even  surpassed  in  strangeness  iheflymff  dragon  of  fable:  its 
Jore-arms  and  its  elongatid  wing-finger  furnished  with  clav^^ 
hand  and  fingers  extended,  and  the  interspace  filled  up  by  a 
Sh  membrine;  and  its' head  and  neck  stretched  out  like 
S  of  the  heron  in  its  flight.    When  stationary,  its  wmgs 
well  Ibably  folded  back  like  those  of  a  bird;  though  perhaps, 
by  thrclawslttached  to  its  fingers,  it  might  suspend  itself  from 
the  branches  of  trees. 

MAMMALIA  IN  SECONDARY  ROCKS. 

It  was  supposed  till  very  lately  that  few  if  any  Mammalia 
were  tTbe  fSd  below  the  Tertiary  rocks,  i.  e  those  above  the 
chalk  •  and  this  supposed  fact  was  very  comfortable  to  those 
who  support  the  doctrine  of  -  progijssive  development  and 
Jold  wfth  the  notorious  Vestiges  of  Creatwn,  that  a  fish  by 
mere  'Iigth  of  time  became  a  rept  le,  \l«X7ote  cases 

ri^^^^a^ofS^s^ 
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thick,  at  the  base  of  the  Middle  Purbeck  beds ;  and  after  remov- 
ing many  thousand  tons  of  rock,  and  laying  bare  an  area  of 
nearly  7000  square  feet  (the  largest  cutting  ever  made  for  purely 
scientific  purposes),  he  found  reptiles  (tortoises  and  lizards)  in 
hundreds ;  but  the  most  important  discovery  was  that  of  the 
jaws  of  at  least  fourteen  dififerent  species  of  mammalia.  Some 
of  these  were  herbivorous,  some  carnivorous,  connected  with 
our  modern  shrews,  moles,  hedgehogs,  &c. ;  but  all  of  them  per- 
fectly-developed and  highly-organised  quadrupeds.  Ten  years 
ago,  no  remains  of  quadrupeds  were  believed  to  exist  in  the 
Secondary  strata.  "  Even  in  1854,"  says  Sir  Charles  Lyell  (in 
a  supplement  to  the  fifth  edition  of  his  Manual  of  Elementary 
Geology),  "  only  six  species  of  mammals  from  rocks  older  than 
the  Tertiary  were  known  in  the  whole  world. "  We  now  possess 
evidence  of  the  existence  of  fourteen  species,  belonging  to  eight 
or  nme  genera,  from  the  fresh-water  strata  of  the  Middle  Pur- 
beck Oolite.  It  would  be  rash  now  to  fix  a  limit  in  past  time 
to  the  existence  of  quadrupeds.— r/te  Rev.  C.  Kingshy. 

* 

FOSSIL  HUMAN  BONES. 

In  the  paleontological  collection  in  the  British  Museum  is 
preserved  a  considerable  portion  of  a  human  skeleton  imbedded 
m  a.  slab  of  rock,  brought  from  Guadaloupe,  and  often  referred 
to  m  opposition  to  the  statement  that  hitherto  no  fossil  human 
bones  have  been  found.    The  presence  of  these  bones,  however 
has  been  explained  by  the  circumstance  of  a  battle  and  the 
massacre  of  a  tribe  of  Galtibis  by  the  Caribs,  which  took  place 
near  the  spot  m  which  the  bones  were  found  about  130  years 
ago;  for  as  the  bodies  of  the  slain  were  interred  on  the  sea- 
shore their  skeletons  may  have  beeH  subsequently  covered  by 
sand-dnft,  which  has  since  consolidated  into  limestone 
f.'J:      1      !f by  reference  to  the  Philosophical  Transac- 
Uons  that  on  the  reading  of  the  paper  upon  this  discovery  to 
the  Royal  Society,  in  1814,  Sir  Joseph  Banks,  the  president 

S  nSh^   ''^^r  ^^"^^-^  niodern'formaS,3 

■„r!  P/?J^bly  from  the  contiguity  of  a  volcano,  the  tempera- 
-ure  of  the  water  may  have  been  raised  at  some  time,  and  dis- 
lolving  carbonate  of  lime  readily,  may  have  deposited  about 
J  ^  comparatively  short  period  hard  and  solid 

tone.  JLvery  person  may  be  convinced  of  the  raniditv  of  thp 
Formation  and  of  the  hardness  of  such  stone  by  Sectinff  the 
:n8ide  of  tea-kettles  in  which  hard  water  is  boiled!^  ^ 

•onyei1?n  of  hn^tF'^f  ^^^'^^^  '^PP^^'"  ^  refer  to  the 

conversion  ot  bodies  mto  adipocere,  and  not  into  sfcoiiR     All  i\.2^J^^ 

>08ed  cases  of  petrifaction  are  probably  of  this  n^ure  The 

.ccurs  only  when  the  coffin  becomes  filled  witi  water    The  bodv  oof 

Verted  into  adipocere,  floats  on  the  water.  Thf  supptd  cl^^f 
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changes  oi  position  m  the  grave,  bursting  open  the  coffin-hds,  turning 
over,  crossing  of  limbs,  &c.,  formerly  attributed  to  the  oominjr  to  life  of 
persons  buried  who  were  not  dead,  is  now  ascertained  to  be  duo  to  the 
same  cause.  The  chemical  change  into  adipocere,  and  the  evolution  of 
gasos,  produce  these  movements  of  dead  bodies.— J/r.  Trail  Green. 

THE  MOST  ANCIENT  FISHES. 

Among  the  important  results  of  Sir  Roderick  Murchison's 
establishment  of  the  Silurian  system  is  the  following  : 

That  as  the  Lower  Silurian  group,  often  of  vast  dimensions,  has 
nevei  afforded  the  smallest  vestige  of  a  Fish,  though  it  abounds  in  nu- 
merous species  of  the  marine  classes,— corals,  cnnoidea,  moUusca,  and 
cntstacea;  and  as  in  Scandinavia  and  Russia,  where  it  is  based  on  rocks 
void  of  fossils,  its  lowest  stratum  contains /itcoirfs  only,— bir  K.  Mur- 
chison  has,  after  fifteen  years  of  laborious  research  steadily  directed  to 
this  point,  arrived  at  the  conclusion,  that  a  very  long  penod  elapsed 
after  life  was  breathed  into  the  waters  before  the  lowest  order  of  verte- 
brata  was  created  ;  the  earliest  fishes  being  those  of  the  Upper  Silurian 
rocks,  which  he  was  the  first  to  discover,  and  which  he  described  as 
the  most  ancient  beings  of  their  class  which  have  yet  been  brought  to 
lisht "  Though  the  Lower  Silurian  rocks  of  various  parts  of  the  worid 
hive  since  been  ransacked  by  multitudes  of  prjdng  geologists,  who  have 
exhumed  from  them  myriads  of  marine  fossils,  not  a  single  if  thyohte 
has  been  found  in  any  stratum  of  higher  antiquity  than  the  Upper 
Silui-ian  group  of  Murchison. 

The  most  remarkable  of  all  fossQ  fishes  yet  discovered  have  . 
been  found  in  the  Old  Red  Sandstone  cliffs  at  Dorpat,  where  | 
the  remains  are  so  gigantic  (one  bone  measnrmg  two  feet  nine 
inches  in  length)  that  they  were  at  first  supposed  to  belong  to 

Sir  Roderick's  examination  of  Russia  has,  in  short,  proved 
that  the  ichthyolites  and  mollusks  which,  in  Western  Europe,  are 
separately  peculiar  to  smaller  detached  basing,  were  h^re  {xn  the 
British  Isles)  cohabitants  of  many  parts  of  the  same  great  sea. 

EXTINCT  CAKNIVOROUS  ANIMALS  OF  BEITAIN.  , 
Professor  Owen  has  thus  forcibly  illustrated  the  Carnivorous  j 
Animals  which  preyed  upon  and  restrained  tlie  ^^ue  muiti- 
pHcation  of  the%egetable  feeders.     First  ^e^^ave  the  bear 
family,  which  is  now  represented  m  this  country  only  by  the 
badger.    We  were  once  blest,  however,  with  many  bears.  On^ 
spedes  seems  to  have  been  identical  with  the  existing  browu  j 
bear  of  the  European  continent.  Far  larger  and  more  formidaWe 
was  the  gigantic  cave-bear  {[Trsus  sj^^^^^X  which  su^assed  iu  , 
size  his  efislv  brother  of  North  America.  The  skull  of  the  cave-  , 
bear  Slers^^^^^^  much  in  shape  from  that  of  its  small  brown  ; 
Sive  jusVall?^^     to  ;  the  forehead,  in  V^^^^^^ 
higher,-to  be  accounted  for  by  an  arrangement  of     -ceUs  simi 
laf  to  those  which  we  have  akeady  remarked  in  the  elephant. 
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The  cave-bear  has  left  its  remains  in  vast  abundance  in  Ger- 
many. In  our  own  caves,  the  bones  of  hyaenas  are  found  in 
greater  quantities.  The  marks  which  the  teeth  of  the  hyjena 
make  upon  the  bones  which  it  gnaws  are  quite  unmistakable. 
Our  English  hyaenas  had  the  most  undiscriminating  appetite, 
preying  upon  every  creature,  their  own  species  amongst  others. 
Wolves,  not  distinguishable  from  those  which  now  exist  in 
France  and  Germany,  seem  to  have  kept  company  with  the 
hyaenas ;  and  the  Felis  spelcea,  a  sort  of  lion,  but  larger  than 
any  which  now  exists,  ruled  over  all  weaker  brutes.  Here, 
says  Professor  Owen,  we  have  the  original  British  Lion.  A 
species  of  Machairodm  has  left  its  remains  at  Kent's  Hole,  near 
Torquay.  In  England  we  had  also  the  beaver,  which  still 
lingers  on  the  Danube  and  the  Rhone,  and  a  larger  species 
which  has  been  called  Trogontherium  (gnawing  beast),  and  a 
gigantic  mole. 

THE  GKEAT  CAVE  TIGER  OR  LION  OF  BRITAIN. 

Remains  of  this  remarkable  animal  of  the  drift  or  gravel 
penod  of  this  country  have  been  found  at  Brentford  and  else- 
where near  London.  Speaking  of  this  animal,  Professor  Owen 
observes,  that  « it  is  commonly  supposed  that  the  Lion,  the 
liger,  and  the  Jaguar  are  animals  peculiarly  adapted  to  a 
tropical  climate.  The  genus  Felis  (to  which  these  animals 
belong)  IS,  however,  represented  by  specimens  in  high  northern 
latitudes,  and  in  all  the  intermediate  countries  to  the  equator." 
ihe  chief  condition  necessary  for  the  presence  of  such  animals 
18  an  abundance  of  the  vegetable-feeding  animals.  It  is  thus 
tnat  the  Indian  tiger  has  been  known  to  follow  the  herds  of 
antelope  and  deer  in  the  lofty  mountains  of  the  Himalaya  to  the 
verge  of  perpetual  snow,  and  far  into  Siberia.  «  It  need  not 
therefore,  continues  Professor  Owen,  excite  surprise  that 
indications  should  have  been  discovered  in  the  fossil  relics  of 
the  ancient  mammalian  population  of  Europe  of  a  large  feline 
animal,  the  contemporary  of  the  mammoth,  of  the  tichorrhine 
rhinoceros  of  the  great  gigantic  cave-bear  and  hy^na,  and  the 

h?nL5  i    •  ^""^ ,  ^'1''^"^  quadrupeds  that  so 

abounded  durmg  the  same  epoch."   The  dimensions  of  this 

rr^^         ^^T^  ^""'^''^  lio^  or  Bengal 

w^.  T  a  '"""^  ^^""^  ^'^^  which  seem  to  imply 

^hat  It  had  even  more  powerful  limbs  and  larger  paws. 

THE  MAMMOTHS  OF  THE  BRITISH  ISLES. 

Dr.  Buckland  has  shown  that  for  long  ages  many  species 

riS'^^T".'  "'^?^'^f  inhabited  the  caves  of  the 

ntish  islands.  In  low  tracts  of  Yorkshire,  where  tranmrit 
acustrine  (lake-Uke)  deposits  have  occurred/bones  (evenho^^ 
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of  the  lion)  have  been  found  so  perfectly  unbroken  and  un- 
worn, in  fine  gravel  (as  at  Market  Weighton),  that  few  persons 
would  be  disposed  to  deny  that  such  feline  and  other  animals 
once  roamed  over  the  British  isles,  as  well  as  other  European 
countries.  Why,  then,  is  it  improbable  that  large  elephants, 
with  a  peculiarly  thick  integument,  a  close  coating  of  wool, 
and  much  long  shaggy  hair,  should  have  been  the  occupants 
of  wide  tracts  of  Northern  Europe  and  Asia?  This  coating, 
Dr.  Fleming  has  well  remarked,  was  probably  as  impenetrable 
to  rain  and  cold  as  that  of  the  monster  ox  of  the  polar  circle. 
Such  is  the  opinion  of  Sir  Roderick  Murchison,  who  thus  ac- 
counts for  the  disappearance  of  the  mammoths  from  Britain  : 

When  we  turn  from  the  great  Siberian  continent,  which,  anterior  to 
its  elevation,  was  the  chief  abode  of  the  mammoths,  and  look  to  the 
other  parts  of  Europe,  where  their  remains  a'so  occur,  how  remarkable 
is  it  that  we  find  the  niiraber  of  these  creatures  to  be  justly  proportion- 
ate to  the  magnitude  of  the  ancient  masses  of  land  which  the  labours 
of  geologists  have  defined  !  Take  the  British  isles,  for  example,  and  let 
all  their  low,  recently  elevated  districts  be  submerged ;  let,  in  short, 
England  be  viewed  as  the  comparatively  small  island  she  was  when  the 
ancient  estuary  of  the  Thames,  including  the  plains  of  Hyde  Park, 
Chelsea,  Hounslow,  and  Uxbridge,  were  under  the  water ;  when  the 
Severn  extended  far  into  the  heart  of  the  kingdom,  and  large  eastern 
tracts  of  the  island  were  submerged,— and  there  will  then  remain  but 
moderately-sized  feeding-grounds  for  the  great  quadnipeds  whose  bones 
are  found  in  the  gravel  of  the  adjacent  rivers  and  estuaries. 

This  limited  area  of  subsistence  could  necessarily  only  keep 
up  a  small  stock  of  such  animals ;  and,  just  as  we  might  ex- 
pect, the  remains  of  British  mammoths  occur  in  very  small 
numbers  indeed,  when  compared  with  those  of  the  great  char- 
nel-houses of  Siberia,  into  which  their  bones  had  been  carried 
down  through  countless  ages  from  the  largest  mass  of  surface 
which  geological  inquiries  have  yet  shown  to  have  been  dry 
land  during  that  epoch. 

The  remains  of  the  mammoth,  says  Professor  Owen,  have 
been  found  in  all,  or  almost  all,  the  counties  of  England.  Off 
the  coast  of  Norfolk  they  are  met  with  in  vast  abundance. 
The  fishermen  who  go  to  catch  turbot  between  the  mouth  of 
the  Thames  and  the  Dutch  coast  constantly  get  their  nets  en- 
tangled in  the  tusks  of  the  mammoth.  A  collection  of  tusks 
and  other  remains,  obtained  in  this  way,  is  to  be  seen  at  Rams- 
gate.  In  North  America,  this  gigantic  extinct  elephant  must 
have  been  very  common ;  and  a  large  portion  of  the  ivory 
which  supplies  the  markets  of  Europe  is  derived  from  the  vast 
mammoth  graveyards  of  Siberia.  mu  » 

The  mammoth  ranged  at  least  as  far  north  as  60  .  ihere 
is  no  doubt  that,  at  the  present  day,  many  specimens  of  the 
musk-ox  are  annually  becoming  imbedded  in  the  mud  and  ice 
of  the  North- American  rivers. 
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It  is  curious  to  observe,  that  the  mammoth  teeth  which  are 
met  with  in  caves  generally  belonged  to  young  mammoths,  who 
probably  resorted  thither  for  shelter  before  increasing  age  and 
strength  emboldened  them  to  wander  far  afield. 

THE  KHINOCEROS  AND  HIPPOPOTAMUS  QF  ENGLAND. 

The  mammoth  was  not  the  only  giant  that  inhabited  Eng- 
land in  the  Pliocene  or  Upper  Tertiary  period.  We  had  also 
here  the  Rhinoceros  tichorrhinus,  or  "strongly  walled  about  the 
nose,"  remains  of  which  have  been  discovered  in  enormous 
quantities  in  the  brickfields  about  London.  Pallas  describes 
an  entire  specimen  of  this  creature,  which  was  found  near 
Yakutsk,  the  coldest  town  on  the  globe.  Another  rhinoceros, 
leptorrhinus  (fine  nose),  dwelt  with  the  elephant  of  Southern 
Europe.  In  Siberia  has  been  discovered  the  Elaimotherium, 
forming  a  link  between  the  rhinoceros  and  the  horse.  * 

In  the  days  of  the  mammoth,  we  had  also  in  England  a 
Hippopotamus,  rather  larger  than  the  species  which  now  in- 
habits the  Nile.  Of  our  British  hippopotamus  some  remains 
were  dug  up  by  the  workmen  in  preparing  the  foundations  of 
the  New  Junior  United  Service  Club-house,  in  Regent-street. 

THE  ELEPHANT  AND  TORTOISE, 

The  idea  of  an  Elephant  standing  on  the  back  of  a  Tortoise 
was  often  laughed  at  as  an  absurdity,  until  Captain  Cautley 
and  Dt.  Falconer  at  length  discovered  in  the  hills  of  Asia  the 
remams  of  a  tortoise  in  a  fossU  state  of  such  a  size  that  an 
elephant  could  easily  have  performed  the  above  feat. 

COEXISTENCE  OF  MAN  AND  THE  MASTODON. 

*  TV?!"         ;^i°slow  has  communicated  to  the  Boston  Society 
of  Natural  History  the  discovery  of  the  fragment  of  a  human 
cranium  180  feet  below  the  surface  of  the  Table  Mountain 
Oahfornia.    Now  the  mastodon's  bones  being  found  in  the 
same  deposits  points  very  clearly  to  the  probability  of  the  an- 
pearance  of  the  human  race  on  the  western  portions  of  North 
America  at  least  before  the  extinction  of  those  huge  creatures 
Fragments  of  mastodon  and  Elephas  primigenius  have  been 
taken  ten  and  twenty  feet  below  the  surface  in  the  above  lo- 
cahty ;  where  this  discovery  of  human  and  mastodon  remains 
gives  strength  to  the  possible  truth  of  an  old  Indian  traSn 
--the  contemporary  existence  of  the  mammoth  and  aboriginals 
in  this  region  of  the  globe.  "i^giudis 

HABITS  OF  THE  MEGATHERIUM. 

Much  uncertainty  has  been  felt  about  the  habits  of  the  Me- 
gatherium, or  Great  Beast.    It  has  been  asked  whether  it  bur- 
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rowed  or  climbed,  or  what  it  did ;  and  difficulties  have  pre- 
sented themselves  on  all  sides  of  the  question.    Some  have 
thought  that  it  lived  in  trees  as  much  larger  than  those  which 
now  exist  as  the  Megatherium  itself  is  larger  than  the  common 
sloth.  *   This,  however,  is  now  known  to  be  a  mistake.   It  did 
not  climb  trees — it  pulled  them  down  ;  and  in  order  to  do  this 
the  "hinder  parts  of  its  skeleton  were  made  enormously  strong, 
and  its  prehensile  fore-legs  formed  so  as  to  give  it  a  tremendous 
power  over  any  thing  which  it  grasped.    Dr.  Buckland  sug- 
gested that  animals  which  got  their  living  in  this  way  had 
a  very  fair  chance  of  having  their  heads  broken.    While  Pro- 
fessor Owen  was  still  pondering  over  this  difficulty,  the  skull 
of  a  cognate  animal,  the  Mylodon,  came  into  his  hands.  Great 
was  his  delight  when  he  found  that  the  mylodon  not  only  had 
his  head  broken,  but  broken  in  two  different  places,  at  two 
different  times ;  and  moreover  so  broken  that  the  injury  could 
only  have  been  inflicted  by  some  such  agent  as  a  fallen  tree. 
The  creature  had  recovered  from  the  first  blow,  but  had  evi- 
dently died  of  the  second.    This  tribe  had,  as  it  turns  out, 
two  skulls,  an  outer  and  an  inner  one — given  them,  as  it 
would  appear,  expressly  with  a  view  to  the  very  dangerous 
method  in  which  they  were  intended  to  obtain  their  necessary 
food. 

The  dentition  of  the  megatherium  is  curious.  The  ele- 
phant gets  teeth  as  he  wants  them.  Nature  provided  for  the 
comfort  of  the  megatherium  in  another  way.  It  did  not  get 
new  teeth,  but  the  old  ones  went  on  for  ever  growing  as  long 
as  the  animal  lived ;  so  that  as  fast  as  one  grinding  surface  be- 
came useless,  another  supplied  its  place. 


THE  DINOTHERIUM,  OR  TERRIBLE  BEAST. 

The  family  of  herbivorous  Cetaceans  are  connected  with  the 
Pachydermata  of  the  land  by  one  of  the  most  wonderful  of  all 
the  extinct  creatures  with  which  geologists  have  made  us  ac- 
quainted. This  is  the  Dinotherium,  or  Terrible  Beast.  The  re 
mains  of  this  animal  were  found  in  Miocene  sands  at  Eppels- 
heim,  about  forty  miles  from  Darmstadt.  It  must  have  been 
larger  than  the  largest  extinct  or  living  elephant.  The  most 
remarkable  peculiarity  of  its  structure  is  the  enormous  tusks, 
curving  downwards  and  terminating  its  lowen  jaw.  It  appears 
to  have  lived  in  the  water,  where  the  immense  weight  of  these 
formidable  appendages  would  not  be  so  inconvenient  as  ou 
land  What  these  tusks  were  used  for  is  a  mystery ;  but  perhaps 
they  acted  as  pickaxes  in  digging  up  trees  and  shrubs,  or  as 

•  The  sloth  only  deserves  its  name  when  it  is  oWiged  to  attempt  to  P'oce^«[ 
along  the  ground;  when  it  has  any  thing  which  it  can  lay  hold  of  it  is  agiw 
enough. 
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harrows  in  raking  the  bottom  of  the  water.  Dr.  Buckland  used 
to  suggest  that  they  were  perhaps  employed  as  anchors,  by 
means  of  which  the  monster  might  fasten  itself  to  the  bank  of 
a  stream  and  enjoy  a  comfortable  nap.  The  extreme  length  of 
the  Dinoiherium  was  about  eighteen  feet.  Professor  Kemp,  in 
Ms  restoration  of  the  animal,  has  given  it  a  trunk  like  that  of 
the  elephant,  but  not  so  long,  and  the  general  form  of  the  tapir. 
— JProfessor  Owen. 

THE  GLYPTODON. 

There  are  few  creatures  which  we  should  less  have  expected 
to  find  represented  in  fossil  history  by  a  race  of  gigantic  brethren 
than  the  armadillo.  The  creature  is  so  small,  not  only  in  size 
but  in  all  its  works  and  ways,  that  we  with  diflJculty  associate 
it  with  the  idea  of  magnitude.  Yet  Sir  Woodbine  Parish  has 
discovered  evidences  of  enormous  animals  of  this  family  having 
once  dwelt  in  South  America.  The  huge  loricated  (plated  over) 
creature  whose  relics  were  first  sent  has  received  the  name  of 
•Glyptodon,  from  its  sculptured  teeth.  Unlike  the  small  arma- 
dillos, it  was  unable  to  roll  itself  up  into  a  ball ;  though  au 
enormous  carnivore  which  lived  in  those  days  must  have  made 
it  sometimes  wish  it  had  the  power  to  do  so.  When  attacked, 
it  must  have  crouched  down,  and  endeavoured  to  make  its  huge 
shell  as  good  a  defence  as  possible. — Professor  Owen. 

INMATES  OF  AN  AUSTKALIAN  CAVERN. 

From  the  fossil-bone  caverns  in  Wellington  Valley,  in  1830, 
were  sent  to  Professor  Owen  sevei-al  bones  which  belonged,  as 
it  turned  out,  to  gigantic  kangaroos,  immensely  larger  than 

'  any  existmg  species  ;  to  a  kind  of  wombat,  to  formidable  das- 
yures,  and  several  other  genera.  It  also  appeared  that  the 
bones,  which  were  those  of  herbivores,  had  evidently  belonged 

:  to  young  animals,  while  those  of  the  carnivores  were  full-sized ; 
a  fact  which  points  to  the  relations  between  the  two  families 
having  been  any  thing  but  agreeable  to  the  herbivores. 

THE  POUCH-LION  OF  AUSTRALIA. 

^  The  ThylacoUo  (Pouch-Lion)  was  a  gigantic  marsupial  car- 
nivore, whose  character  and  affinities  Professor  Owen  has,  with 
exquisite  scientific  tact,  made  out  from  very  small  indications, 
ihis  monster,  which  had  kangaroos  with  heads  three  feet  long 
,to  feed  on,  must  have  been  one  of  the  most  extraordinary  ani- 
mals of  the  antique  world. 

THE  CONEY  OF  SCRIPTURE. 

Paleontologists  have  pointed  out  the  curious  fact  that  the 
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Ilyrax,  called  '  coney'  in  our  authorised  version  of  the  Bible,  is 
really  only  a  diminutive  and  hornless  rhinoceros.  Remains  have 
been  found  at  Eppelsheim  which  iudicate  an  animal  more  like  a 
gigantic  Hyrax  than  any  of  the  existing  rhinoceroses.  To  this 
the  name  of  AceTotherium  (Hornless  Beast)  has  been  given. 

A  THEEE-HOOFED  HORSE. 

Professor  Owen  describes  the  Hipparion,  or  Three-hoofed 
Horse,  as  the  first  representative  of  a  family  so  useful  to  man- 
kind. This  animal,  in  addition  to  its  true  hoof,  appears  to 
have  had  two  additional  elementary  hoofs,  analogous  to  those 
which  we  see  in  the  ox.  The  object  of  these  no  doubt  was  to 
enable  the  Hipparion  to  extricate  his  foot  with  greater  ease 
than  he  otherwise  could  when  it  sank  through  the  swampy 
ground  on  which  he  lived. 

TWO  MONSTER  CARNIVORES  OF  FRANCE. 

A  huge  carnivorous  creature  has  been  found  in  Miocene 
strata  in  France,  in  which  country  it  preyed  upon  the  gazelle  • 
and  antelope.  It  must  have  been  as  large  as  a  grisly  bear,  but 
in  general  appearance  and  teeth  more  like  a  gigantic  dog. 
Hence  the  name  of  Amphicyon  (Doubtful  Dog)  has  been  as- 
signed to  it.  This  animal  must  have  derived  part  of  its  support 
from  vegetables.  Not  so  the  coeval  monster  which  has  been 
called  Machairodus  (Sabre-tooth).  It  must  have  been  some- 
what akin  to  the  tiger,  and  is  by  far  the  most  formidable  ani- 
mal which  we  have  met  with  in  our  ascending  progress  through 
the  extinct  mammalia. — Professor  Owen. 

GEOLOGY  OF  THE  SHEEP. 

No  unequivocal  fossil  remains  of  the  sheep  have  yet  oeen 
found  in  the  bone-caves,  the  drift,  or  the  more  tranquil  strati- 
fied newer  Pliocene  deposits,  so  associated  with  the  fossil  bones 
of  oxen,  wild-boars,  wolves,  foxes,  otters,  &c.,  as  to  indicate 
the  coevality  of  the  sheep  with  those  species,  or  in  such  an 
altered  state  as  to  indicate  them  to  have  been  of  equal  anti- 
quity. Professor  Owen  had  his  attention  particularly  directed 
to  this  point  in  collecting  evidence  for  a  history  of  British 
Fossil  Mammalia.  No  fossil  core-horns  of  the  sheep  have  yet 
been  any  where  discovered ;  and  so  far  as  this  negative  evi- 
dence goes,  we  may  infer  that  the  sheep  is  not  geologically 
more  ancient  than  man ;  that  it  is  not  a  native  of  Europe,  but 
has  been  introduced  by  the  tribes  who  carried  hither  the  germs 
of  civilisation  in  their  migrations  westward  from  Asia. 

THE  TRILOBITF. 

Among  the  earUest  races  we  have  those  remarkable  forms. 
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the  Trilobites,  inhabiting  the  ancient  ocean.  These  Crustacea 
remotely  resemble  the  common  wood-louse,  and  like  that  ani- 
mal they  had  the  power  of  rolling  themselves  into  a  ball  when 
attacked  by  an  enemy.  The  eye  of  the  trilobite  is  a  most  re- 
markable organ ;  and  in  that  of  one  species,  Phacops  caudatus, 
not  less  than  250  lenses  have  been  discovered.  This  remark- 
able optical  instrument  indicates  that  these  creatures  lived 
under  similar  conditions  to  those  which  surround  the  Crustacea 
of  the  present  day. — Hunt's  Poetry  of  Science. 


PEOFITABLE  SCIENCE. 

In  that  strip  of  reddish  colour  which  runs  along  the  cliffs 
of  Suffolk,  and  is  called  the  Redcrag,  immense  quantities  of 
cetacean  remains  have  been  found.  Four  different  kinds  of 
whales,  little  inferior  in  size  to  the  whalebone  whale,  have  left 
their  bones  in  this  vast  charnel-house.  In  1840,  a  singularly 
perplexing  fossil  was  brought  to  Professor  Owen  from  this  Red- 
crag. No  one  could  say  what  it  was.  He  determined  it  to  be 
the  tooth  of  a  cetacean,  a  unique  specimen.  Now  the  remains 
of  cetaceans  in  the  Suffolk  crag  have  been  discovered  in  such 
enormous  quantities,  that  many  thousands  a-year  are  made  by 
converting  them  into  manure. 


EXTINCT  GIGANTIC  BIRDS  OF  NEW  ZEALAND. 

In  the  islands  of  New  Zealand  have  been  found  the  bones  of 
large  extinct  wingless  Bu-ds,  belonging  to  the  Post  Tertiary  or 
Recent  system,  which  have  been  deposited  by  the  action  of  rivers 
The  bird  is  named  Moa  by  the  natives,  and  Lmornis  by  natu- 
ralists :  some  of  the  bones  have  been  found  in  two  caves  in  the 
North  Island,  and  have  been  sold  by  the  natives  at  an  extraor- 
dinary price.  The  caves  occur  in  limestone  rocks,  and  the  bones 
are  found  beneath  earth  and  a  soft  deposit  of  carbonate  of  lime 
The  largest  of  the  birds  is  stated  to  have  stood  thirteen  or  four- 
teen feet,  or  twice  the  height  of  the  ostrich;  and  its  e^^g  large 
enough  to  fill  the  hat  of  a  man  as  a  cup.  Several  statements 
have  appeared  of  these  birds  being  stiU  in  existence,  but  there 
18  every  reason  to  believe  the  Moa  to  be  altogether  extinct 

_  An  extensive  coUection  of  remains  of  these  great  wingless 
birds  has  been  collected  in  New  Zealand  by  Mr.  Walter  Mantell 
and  deposited  in  the  British  Museum.  Among  these  bones 
I  rotessor  Owen  has  discovered  a  species  which  he  regards  as 
the  most  remarkable  of  the  feathered  class  for  its  prodigious 
strength  and  mt^sive  proportions,  and  which  he  names  JDinor- 
nuelepkantopus,  or  elephant-footed,  of  which  the  Professor  has 
been  able  to  construct  an  entire  lower  limb:  the  length  of  the 
metatarsal  bone  is  9^  inches,  the  breadth  of  the  lower  end 
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being  6  J  inches.  The  extraordinary  proportions  of  the  meta- 
tarsus of  this  wingless  bird  will,  however,  be  still  better  under- 
stood by  comparison  with  the  same  bone  in  the  ostrich,  in 
which  the  metatarsus  is  19  inches  in  length,  the  breadth  of  its 
lower  end  being  only  2  J  inches.  From  the  materials  accumu- 
lated by  Mr.  Mantell,  the  entire  skeleton  of  the  Dinornis  ele- 
phantopus  has  been  reconstructed  ;  and  now  forms  a  worthy 
companion  of  the  Megatherium  and  Mastodon  in  the  gallery  of 
fossil  remains  in  the  British  Museum.  This  species  oi Dinornis 
appears  to  have  been  restricted  to  the  Middle  Island  of  New 
Zealand.* 

Another  specimen  of  the  remains  of  the  Dinornis  is  pre- 
served in  the  Museum  of  the  Royal  College  of  Surgeons,  in 
Lincoln 's-Inn  Fields;  and  the  means  by  which  the  college 
obtained  this  valuable  acquisition  is  thus  graphically  narrated 
by  Mr.  Samuel  Warrfen,  F.  R.S.  : 

In  the  year  1839,  Professor  Owen  was  sitting  alone  in  his  study,  when 
a  shabbily-dressed  man  made  his  appearance,  announcing  that  he  had 
got  a  great  curiosity,  which  he  had  brought  from  New  Zealand,  and 
wished  to  dispose  of  to  him.  It  had  the  appearance  of  an  old  mar- 
row-bone, about  six  inches  in  length,  and  rather  more  than  two  inches 
in  thickness,  with  both  extremities  broken  off ;  and  Professor  Owen  consi- 
dered that,  to  whatever  animal  it  might  have  belonged,  the  fragment 
must  have  lain  in  the  earth  for  centuries.  At  first  he  considered  this 
same  marrow-bone  to  have  belonged  to  an  ox,  at  all  events  to  a  quad- 
ruped ;  for  the  wall  or  rim  of  the  bone  was  six  times  as  thick  as  the  bone 
of  any  bird,  even  of  the  ostrich.  He  compared  it  with  the  bones  in  the 
skeleton  of  an  ox,  a  horse,  a  camel,  a  tapir,  aud  every  quadruped  ap- 
parently possessing  a  bone  of  that  size  and  configuration  ;  but  it  corre- 
sponded with  none.  On  this  he  very  narrowly  examined  the  surface  of 
thie  bony  rim,  and  at  length  became  satisfied  that  this  fragment  must 
have  belonged  to  a  bird  1 — to  one  at  least  as  large  as  an  ostrich,  but  of 
a  totally  different  species ;  and  consequently  one  never  before  heard  of, 
as  an  ostrich  was  by  far  tbe  biggest  bird  known. 

From  the  difference  in  the  strength  of  the  bone,  the  ostrich  being  un- 
able to  fly,  so  must  have  been  unable  this  unknown  bird ;  and  so  our 
anatomist  came  to  the  conclusion  that  this  old  shapeless  bone  indicated 
the  former  existence  in  New  Zealand  of  some  huge  bird,  at  least  as 
great  as  an  ostrich,  but  of  a  far  heavier  and  more  sluggish  kind.  Pro- 
fessor Owen  was  confident  of  the  validity  of  his  conclusions,  but  would 
communicate  that  confidence  to  no  one  else ;  and  notwithstanding  at- 
tempts to  dissuade  him  from  committing  his  views  to  the  public,  he 
printed  his  deductions  in  the  Transactions  of  the  Zoological  Society  for 
]  839,  where  fortunately  they  remain  on  record  as  conclusive  evidence  of 
the  fact  of  his  having  then  made  this  guess,  so  to  speak,  in  the  dark. 
He  caused  the  bone,  however,  to  be  engraved ;  and  having  sent  a  hun- 

•  Dr.  A.  Thomson  has  communicated  to  Jameson's  Journal,  Ko.  112,  a  De- 
scription of  the  Caves  in  the  North  Island,  with  some  general  observations  on 
this  genus  of  birds.  He  concludes  them  to  have  been  indolent,  dull,  and  stupid ; 
to  have  lived  chiefly  on  vegetable  food  in  mountain  fastnesses  and  secluded 
cjL  vft  m  s  > 

In  the  picture-gallery  at  Drayton  Manor,  the  seat  of  Sir  Robert  Peel,  hangs  a 
portraii  of  Professor  Owen,  and  in  his  hand  is  depicted  the  tibia  of  a  Moa. 
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dred  copies  of  the  engraving  to  New  Zealand,  in  the  hope  of  their  being 
distiibuted  and  leading  to  interesting  results,  he  patiently  waited  for 
three  years, — viz.  till  the  year  1842, — when  he  received  intelligence 
from  Dr.  Buckland,  at  Oxford,  that  a  great  box,  just  arrived  from  New 
Zealand,  consigned  to  himself,  was  on  its  way,  unopened,  to  Professor 
Owen,  who  found  it  filled  with  bones,  palpably  of  a  bird,  one  of  which 
bones  was  three  feet  in  length,  and  much  more  than  double  the  size  of 
any  bone  in  the  ostrich ! 

And  out  of  the  contents  of  this  box  the  Professor  was  positively  en- 
abled to  articulate  almost  the  em  tire  skeleton  of  a  huge  wingless  bird 
between  TEN  and  eleven  feet  in  height,  its  bony  structure  in  strict  con- 
formity with  the  fragment  in  question ;  and  that  skeleton  may  at  any 
time  be  seen  at  the  Museum  of  the  College  of  Surgeons,  towering  over, 
an  d  nearly  twice  the  height  of,  the  skeleton  of  an  ostrich  ;  and  at  its  feet 
lying  the  old  bone  from  which  alone  consummate  anatomical  science  had 
deduced  such  an  astounding  reality, — the  existence  of  an  enormous  ex- 
tinct creature  of  the  bird  kind,  in  an  island  where  previously  no  bird 
had  been  known  to  exist  larger  than  a  pheasant  or  a  common  fowl ! — 
Lecture  on  the  Moral  and  Intellectual  Development  of  the  present  Age* 

"the  maesteicht  saueian  fossil"  a  FKAUD. 
In  1795,  there  was  stated  to  have  been  discovered  in  the 
stone  quarries  adjoining  Maestricht  the  remains  of  the  gigan- 
tic Mosossaurus  (Saurian  of  the  Meuse),  an  aquatic  reptile  about 
twenty-five  feet  long,  holding  an  intermediate  place  between 
the  Monitors  and  Iguanas.  It  appears  to  have  had  webbed  feet, 
and  a  tail  of  such  construction  as  to  have  served  for  a  powerful 
oar,  and  enabled  the  animal  to  stem  the  waves  of  the  ocean,  of 
which  Cuvier  supposed  it  to  have  been  an  inhabitant.  It  is 
thus  referred  to  by  Dr.  Mantell,  in  his  Medals  of  Creation :  "  A 
specimen,  with  the  jaws  and  bones  of  the  palate,  now  in  the 
Museum  at  Paris,  has  long  been  celebrated ;  and  is  still  the  most 
precious  relic  of  this  extinct  reptile  hitherto  discovered."  An 
admirable  cast  of  this  specimen  is  preserved  in  the  British  Mu- 
seum, in  a  case  near  the  bones  of  the  Iguanodon.  This  is,  how- 
ever, useless,  as  Cuvier  is  proved  to  have  been  imposed  upon  in 
the  matter. 

M.  Schlegel  has  reported  to  the  French  Academy  of  Sciences,  that 
he  has  ascertained  beyond  all  doubt  that  the  famous  fossil  saurian  of 
the  quarries  of  Maestricht,  described  as  a  wonderful  curiosity  by  Cuvier 
IS  nothmg  more  than  an  impudent  fraud.  Some  bold  impostor,  it  seems' 
m  order  to  make  money,  placed  a  quantity  of  bones  in  the  quarries  i^ 
such  away  as  to  give  them  the  appearance  of  having  been  recently  dutr 
up,  and  then  passed  them  ofiF  as  specimens  of  antediluvian  creation 
Bemg  successful  m  this,  he  went  the  length  of  arranging  a  number  of 
bones  so  as  to  represent  an  entire  skeleton  ;  and  had  thus  deceived  the 

According  to  the  law  of  correlation,  so  much  insisted  on  by  Cuvier  a  sune- 

Dortionran^'  r^/"?  "^''^  ^^at  too  fn  definite  X 

portions  and  constant  connections;  so  that  we  need  only  the  assurance  of  nT« 
n II     ''^'^    reconstruct  the  whole  animal.  The  triumph  oTtMs  BVctem 
18  seen  in  the  reconstruction  of  extinct  animals,  as  in  the  above  case  of  th«  n? 
Bornis,  accomplished  by  Professor  Owen,  ° 
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learned  Cuvier.  In  extenuation  of  Cuvier's  credulity,  it  is  stated  that 
the  bones  were  so  skilfully  coloured  as  to  make  them  look  of  immense 
antiquity,  and  he  was  not  allowed  to  touch  them  lest  they  should  crumble 
to  pieces.  But  when  M.  Schlegel  subjected  them  to  rude  handUng,  he 
found  that  they  were  comparatively  modern,  and  that  they  were  placed 
one  by  the  other  without  that  profound  knowledge  of  anatomy  which 
was  to  have  been  expected  from  the  man  bold  enough  to  execute  such 
an  audacious  fraud. 

"  THE  OLDEST  PIECE  OF  WOOD  UPON  EAETH." 

The  most  remarkable  vegetable  relic  which  the  Lower  Old 
Red  Sandstone  has  given  us  is  a  small  fragment  of  a  coniferous 
tree  of  the  Araucarian  family,  which  formed  one  of  the  chief 
ornaments  of  the  late  Hugh  Miller's  museum,  and  to  which  he 
used  to  point  as  the  oldest  piece  of  wood  upon  earth.  He  found 
it  in  one  of  the  ichthyolite  beds  of  Cromarty,  and  thus  refers  to 
it  in  his  Testimony  of  the  Rocks  : 

On  what  perished  land  of  the  early  paleozoic  ages  did  this  venerably 
antique  tree  cast  root  and  flourish,  when  the  extinct  genera  Pterichthys 
and  Coccoeteus  were  enjoying  life  by  millions  in  the  surrounding  seas, 
long  ere  the  flora  or  fauna  of  the  coal  measui-es  had  begun  to  be  ? 

The  same  nodule  which  enclosed  this  lignite  contained  part  of  another 
fossil,  the  well-marked  scales  of  Diflacanthus  striatus,  an  ichthyolite  re- 
stricted to  the  Lower  Old  Red  Sandstone  exclusively.  If  there  be  any 
value  in  paleontological  evidence,  this  Cromarty  Ugnite  must  have  been 
deposited  in  a  sea  inhabited  by  the  Coccoeteus  and  Diplacanthus.  It 
is  demonstrable  that,  while  yet  in  a  recent  state,  a  Diplacanthus  lay  down 
and  died  beside  it ;  and  the  evidence  in  the  case  is  unequivocally  this, 
that  in  the  oldest  portion  of  the  oldest  terrestrial  flora  yet  known  there 
occurs  the  fragment  of  a  tree  quite  as  high  in  the  scale  as  the  stately 
Norfolk-Island  pine  or  the  noble  cedar  of  Lebanon. 

NO  FOSSIL  ROSE. 

Professor  Agassiz,  in  a  lecture  upon  the  trees  of  America, 
states  a  remarkable  fact  in  regard  to  the  family  of  the  rose, 
—  which  includes  among  its  varieties  not  only  many  of  the 
most  beautiful  flowers,  but  also  the  richest  fruits,  as  the  apple, 
pear,  peach,  plum,  apricot,  cherry,  strawberry,  raspberry,  &c., 
— namely,  that  no  fossil  plants  belonging  to  this  family  have  ever 
been  discovered  by  geologists  !  This  M.  Agassiz  regards  as  con- 
clusive evidence  that  the  introduction  of  this  family  of  plants 
upon  the  earth  was  coeval  with,  or  subsequent  to,  the  creation 
of  man,  to  whose  comfort  and  happiness  they  seem  especially 
designed  by  a  wise  Providence  to  contribute. 

CHANGES  ON  THE  EARTH's  SURFACE. 
In  the  Imperial  Library  at  Paris  is  preserved  a  manuscript 
work  by  an  Arabian  writer,  Mohammed  Karurini,  who  flourished 
in  the  seventh  century  of  the  Hegira,  or  at  the  close  of  the 
thii-teenth  century  of  our  era.    Herein  we  find  several  curious 
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remarks  on  aerolites  and  earthquakes,  and  the  successive 
changes  of  position  which  the  land  and  sea  have  undergone. 
Of  the  latter  class  is  the  following  beautiful  passage  from  the 
narrative  of  Khidz,  an  allegorical  personage  : 

I  passed  one  day  by  a  veiy  ancient  and  wonderfully  populous  city, 
and  asked  one  of  its  inhabitants  how  long  it  had  been  founded.    "  It  is 
indeed  a  mighty  city,"  replied  he  ;  "  we  know  not  how  long  it  has  ex- 
isted, and  our  ancestors  were  on  this  subject  as  ignorant  as  ourselves." 
Five  centuries  afterwards,  as  I  passed  by  the  same  place,  1  coxild  not 
perceive  the  slightest  vestige  of  the  city.  I  demanded  of  a  peasant  who 
was  gathering  herbs  upon  its  former  site  how  long  it  had  been  destroyed. 
"  In  sooth,  a  strange  question,"  replied  he ;  "  the  ground  here  has  never 
been  different  from  what  you  now  behold  it."    "  Was  there  not  of  old, " 
said  I,  "  a  splendid  city  hero  V    "  Never,"  answered  he,  "  so  far  as  we 
have  seen  ;  and  never  did  our  fathers  speak  to  us  of  any  such."  On  my 
retui-n  there  five  hundred  years  afterwards,* //o?t7irf  the  sea  in  the  same 
lace;  and  on  its  shores  were  a  party  of  fishermen,  of  whom  I  inquired 
ow  long  the  land  had  been  covered  by  the  waters.  "  Is  this  a  question," 
say  they,  "  for  a  man  like  you  ?    This  spot  has  always  been  what  it  is 
now."   I  again  returned  five  hundred  years  afterwards;  the  sea  had 
I  disappeared  :  I  inquired  of  a  man  who  stood  alone  upon  the  spot  how 
i  long  this  change  had  taken  place,  and  he  gave  me  the  same  answer  as 
j  I  had  received  before.    Lastly,  on  coming  back  again  after  an  equal 
lapse  of  time,  I  found  there  a  flourishing  city,  more  populous  and  more 
rich  in  beautiful  buildings  than  the  city  I  had  seen  the  first  time  ;  and 
when  I  would  fain  have  informed  myself  concerning  its  origin,  the  in- 
habitants answered  me,  "Its  rise  is  lost  in  remote  antiquity  :  we  are 
ignorant  how  long  it  has  existed,  and  our  fathers  were  on  this  subject 
as  ignorant  as  ourselves." 

This  striking  passage  was  quoted  in  the  Examiner,  in  1834. 
i  Surely  in  this  fragment  of  antiquity  we  trace  the  "  geological 
;  changes"  of  modern  science. 

GEOLOGICAL  TIME. 

Many  ingenious  calculations  have  been  made  to  approxi- 
F  mate  the  dates  of  certain  geological  events ;  but  these,  it  must 
»  be  confessed,  are  more  amusing  than  instructive.  For  example 
so  many  inches  of  silt  are  yearly  laid  down  in  the  delta  of  the 
Mississippi— how  many  centuries  will  it  have  taken  to  accu- 
mulate a  thickness  of  30,  60,  or  100  feet  ?   Again,  the  ledges 
of  Niagara  are  wasting  at  the  rate  of  so  many  feet  per  century 
—how  many  years  must  the  river  have  taken  to  cut  its  way 
back  from  Queenstown  to  the  present  Falls  ?   Again,  lavas 
and  melted  basalts  cool,  according  to  the  size  of  the  mass,  at 
•  the  rate  of  so  many  degrees  in  a  given  time— how  many  mil- 
lions of  years  must  have  elapsed,  supposing  an  original  igneous 
:  condition  of  the  earth,  before  its  crust  had  attained  a  state  of 
!  solidity  «  or  further,  before  its  surface  had  cooled  down  to  the 
\  present  mean  temperature  ?   For  these  and  similar  computa- 
( tions,  the  student  will  at  once  perceive  we  want  the  necessary 
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unitormity  of  factor  ;  and  until  we  can  bring  elements  of  cal- 
culation as  exact  as  those  of  astronomy  to  bear  on  geological 
chronology,  it  will  be  better  to  regard  our  "  eras"  and  "  epochs" 
and  "  systems"  as  so  many  terms,  indefinite  in  their  duration 
but  sufficient  for  the  magnitude  of  the  operations  embraced 
withm  their  VLvaiis.— Advanced  Textbook  of  Geology,  by  David 
Page,  F.O.S.  ■  a 

M.  Rozet,  in  1841,  called  attention  to  the  fact,  that  the 
causes  which  have  produced  irregularities  in  the  structure  of 
the  globe  have  not  yet  ceased  to  act,  as  is  proved  by  earth- 
quakes, volcanic  eruptions,  slow  and  continuous  movements 
of  the  crust  of  the  earth  in  certain  regions,  <fec.  We  may, 
therefore,  yet  see  repeated  the  great  catastrophes  which  the' 
surface  of  the  earth  has  undergone  anteriorly  to  the  histori- 
cal period. 

At  the  meeting  of  the  British  Association  in  1855,  Mr.  Hop- 
kins excited  much  controversy  by  his  startling  speculation— 
that  9000  years  ago  the  site  on  which  London  now  stands  was 
in  the  torrid  zone ;  and  that,  according  to  perpetual  changes 
in  progress,  the  whole  of  England  would  in  time  arrive  within 
the  Arctic  circle. 


CUEIOUS  CAUSE  OF  CHANGE  OF  LEVEL. 

Professor  Hennessey,  in  1857,  found  the  entire  mass  of  rock 
and  hill  on  which  the  Armagh  Observatory  is  erected  to  be  slightly, 
but  to  an  astronomer  quite  perceptibly,  tilted  or  carded,  at  one  season 
to  the  east,  at  another  to  the  west.  This  he  at  first  attributed  to 
the  varying  power  of  the  sun's  radiation  to  heat  anxL  expand 
the  rock  throughout  the  year ;  but  he  subsequently  had  reason 
to  attribute  it  rather  to  the  infiltration  of  water  to  the  parts 
where  the  clay-slate  and  limestone  rocks  met,  the  varying 
quantity  of  the  water  exerting  a  powerful  hydrostatic  energy 
by  which  the  position  of  the  rock  is  slightly  varied. 

Now  Armagh  and  its  observatory  stand  at  the  junction  of 
the  mountain  limestone  with  the  clay-slate,  having,  as  it  were, 
one  leg  on  the  former  and  the  other  on  the  latter ;  and  both 
rocks  probably  reach  downwards  1000  or  2000  feet.  When 
rain  falls,  the  one  will  absorb  more  water  than  the  other ;  both 
will  gain  an  increase  of  conductive  power ;  but  the  one  which 
has  absorbed  most  water  will  have  the  greatest  increase,  and 
being  thus  the  better  conductor,  will  draw  a  greater  portion  of 
heat  from  the  hot  nucleus  belo^o  to  the  surface — will  become,  in 
fact,  temporarily  hotter,  and,  as  a  consequence,  expand  more 
than  the  other.  In  a  word,  both  rocks  will  expand  at  the  wet 
season;  but  the  best  conductor,  or  most  absorbent  rock,  will  exparid 
most,  and  seem  to  tilt  the  hiU  to  one  side;  at  the  dry  season  it  wUl 
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subside  most,  and  the  hUl  will  seem  to  be  tilted  in  the  opposite  di- 
rection. 

The  fact  is  curious,  and  not  less  so  are  the  results  deduci- 
ble  from  it.  First,  hills  are  higher  at  one  season  than  another ; 
a  fact  we  might  have  supposed,  but  never  could  have  ascer- 
tained by  measurement.  Secondly,  they  are  highest,  not,  as  we 
should  have  supposed,  at  the  hottest  season,  but  at  the  wettest. 
Thirdly,  it  is  from  the  different  rates  of  expansion  of  diflferent 
rocks  that  this  has  been  discovered.  Fourthly,  it  is  by  converse 
with  the  heavens  that  it  has  been  made  known  to  us.  A  va- 
riation of  probably  half  a  second,  or  less,  in  the  right  ascension 
of  three  or  four  stars,  observed  at  diflferent  seasons,  no  doubt 
revealed  the  fact  to  the  sagacious  astronomer  of  Armagh,  and 
even  enabled  him  to  divine  its  cause. 

Professor  Hennessey  observes  in  connection  with  this  phenomenon, 
that  a  very  small  change  of  ellipticity  would  suffice  to  lay  bare  or  sub- 
merge extensive  tracts  of  the  globe.  If,  for  examjile,  the  mean  ellip- 
ticity of  the  ocean  increased  from  to  ,1^,  the  level  of  the  sea  would 
be  raised  at  the  equator  by  about  228  feet,  while  under  the  parallel  of 
52  It  would  be  depressed  by  196  feet.  Shallow  seas  and  banks  in  the 
latitudes  of  the  Bntish  isles,  and  between  them  and  the  pole,  would 
thus  be  converted  into  dry  land,  while  low-lying  plains  and  islands  near 
the  equator  would  be  submerged.  If  similar  phenomena  occurred  during 
e^irly  periods  of  geological  history,  they  would  manifestly  influence  thi 
distribution  of  land  and  water  duiing  these  periods  ;  and  with  such  a 
direction  of  the  forces  as  that  referred  to,  they  would  tend  to  increase 
the  proportion  of  land  m  the  polar  and  temperate  regions  of  the  earth 
as  compared  with  the  equatorial  regions  during  successive  geological 
epochs.  Such  maps  as  those  pubHshed  by  Sir  Charles  Lyell  on  the  dis- 
K  ^'^^P^  ^^ring  the  Tertiary  period,  and 

those  of  M  Ehe  de  Beaumont,  contained  in  Beaudant's  OeoLy,  would. 
.if  sufficiently  extended,  assist  m  verifying  or  disproving  these^ews 

THE  OUTLINES  OF  CONTINENTS  NOT  FIXED. 

Continents  (says  M.  Agassiz)  are  only  a  patchwork  formed 
by  the  emergence  and  subsidence  of  land.  These  processes  are 
?tiU  going  on  in  various  parts  of  the  globe.  Where  the  shores 
:>f  the  contment  are  abrupt  and  high,  the  effect  produced  may 
)e  slight,  as  m  Norway  and  Sweden,  where  a  gradual  elevation 
s  gomg  on  without  much  alteration  in  their  outlines.  But  if 
:hecontinent  of  North  America  were  to  be  depressed  1000  feet 
lothing  would  remain  of  it  except  a  few  islands,  and  any  ele- 
vation would  add  vast  tracts  to  its  shores. 

The  west  of  Asia,  comprising  Palestine  and  the  country 
.bout  Ararat  and  the  Caspian  Sea,  is  below  the  level  of  thI 
>coan,  and  a  rent  m  the  mountain-chains  by  which  it  is  sur- 
ouuded  would  transform  it  into  a  vast  gulf. 
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JEeteorolosical  ^^Jenomena. 


THE  ATMOSPHEKE. 

A  PHILOSOPHER  of  the  East,  with  a  richness  of  imagery  truly 
oriental,  describes  the  Atmosphere  as  "  a  spherical  shell  which 
surrounds  our  planet  to  a  depth  which  is  unknown  to  us,  by 
reason  of  its  growing  tenuity,  as  it  is  released  from  the  pres- 
fiure  of  its  own  superincumbent  mass.    Its  upper  surface  can- 
not be  nearer  to  us  than  60,  and  can  scarcely  be  more  remote 
than  500,  miles.  It  surrounds  us  on  all  sides,  yet  we  see  it  not ; 
it  presses  on  us  with  a  load  of  fifteen  pounds  on  every  square 
inch  of  surface  of  our  bodies,  or  from  seventy  to  one  hundred 
tons  on  us  in  all,  yet  we  do  not  so  much  as  feel  its  weight. 
Softer  than  the  softest  down,  more  impalpable  than  the  huest 
eossamer,  it  leaves  the  cobweb  undisturbed,  and  scarcely  stirs 
the  lightest  flower  that  feeds  on  the  dew  it  supphes ;  yet  it 
bears  the  fleets  of  nations  on  its  wings  around  the  world,  and 
crushes  the  most  refractory  substances  with  its  weight  When 
in  motion,  its  force  is  sufficient  to  level  the  most  stately  forests 
and  stable  buildings  with  the  earth-to  raise  the  waters  of  the 
ocean  into  ridges  like  mountains,  and  dash  the  strongest  ships 
to  pieces  like  toys.    It  warms  and  cools  by  turns  the  earth  and 
the  living  creatures  that  inhabit  it.    It  draws  up  vapours  from 
the  sea  and  land,  retains  them  dissolved  in  itself  or  suspended 
in  cisterns  of  clouds,  and  throws  them  down  agam  as  rain  or 
dew  when  they  are  required.    It  bends  the  rays  of  the  sun 
frolTheu-  path  to  give  us  the  twHight  of  evening  and  of  dawn  ; 
it  disperses  and  refracts  their  various  tints  to  beautify  the  ap- 
proXndthtretreatoftheorbofday.  But  for  the  atmos^^^^^^^^ 
Lnshine  would  burst  on  us  and  fail  us  at  once  and  at  once 
remove  us  from  midnight  darkness  to  the  blaze  of  ^oon^  We 
should  have  no  twilight  to  soften  and  ^^.^^^f  ^  ^X^tt^S^  . 
no  clouds  to  shade  us  from  the  searching  heat  ;  but  the  bam  ^ 
eartt  as  t  revolved  on  its  axis,  would  turn  ^ts  tanned  and  | 

^fit'doeXt^f  the  fire-it  is  -  bot^i 
is  removed  by  it  when  this  is  over. 
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UNIVEESALITY  OF  THE  ATMOSPHERE. 

aroiSd'ar/hJ^''  encircling  air  that  flows  above  and 

its  wav  vnnr.^  ij     m,  to-morrow  makes 

faL  of  th.  vli  -n^J^^-,  date-trees  that  grow  round  the 
Lebanon  t,^  tr^^  5       cedars  of 

nanas  of  ,f  r  '^P^?^  '  ^^^^      P^^^«  ba- 

nanas ot  Japan  will  change  it  into  flowers.  The  oxv^en  we  nr^ 

T.ri^^''^"^^  for  us  some  short  time  ago  bf  the  ma^! 
uorafd  the  a'^"^^  '^'^^  thafski^t  the  ol 

layas  contributed  to  if'  '^"/T'^  rhododendrons  of  the  Hima- 

™^  ^lOHT  OF  THE  ATMOSPHEEE. 

thedr\?£XX'S.':f"''"  "-f  appertains  to 

belongs  to  thrstSa  of  „Z  te™swS' S"* """^ 
strikiuo-    Tt  io  r.^+        -ui    ^^"^^tiial  atmosphere  are  verv 

fect^^^to  expL^ire  ^^^t^^"^  ^-^^P--,  p7. 
upper  boundaries  of  our  atmospherr  T^^  f  niuch-contested 
uess  of  whole  nights  in  the  velr  18^1  J  •  ^^^'l?'f^^^y  light- 
might  be  read  at  midnLht  in  tte  S  Tr7^'^  '"^^^^  P"«t 
of  Germany,  is  a  fS  direotlv  • ''"^^^^ 

according  to  the  rSeLhes  fuj™''"  7^*^  know 
height  of  the  TtmZhere  theory  and  the 

upon  conditions  sTl  less  undei4n^^^^^^  ^^^ht  depend 

twilight,  as  well  S  L  STodtcall^        '^-f  ^"'^^^"^'^^ 
meut.  Yet  the  atmosnW  ^  *'  ^^''^'^  astonish- 

thicker  in  proportion  ?o  th  Llf ofTrT? 
a  circle  two  inches  in  diametei  Ip^T  ^he  line  of 

which  it  encloses,  or  the  down  on  fL  f-P'^'f  ^P^^e 
parison  with  the  fruit  inside  '^'^     ^  P^^^^  i° 

Pnr.    •    •    ??''^'^'       "THE  ATMOSPHERE. 

eules  of  th'^i"  .avTk'e  tSne\^^^^^^^^  -ole- 

When  the  sky  is  norperSfn?,^^^^^^^^ 

bleaded  with  UptiblHlSsf  J^e  Xfd^rgrif^i 
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with  a  large  proportion  of  white.  Aa  the  moou  is  yellow,  the 
blue  of  the  air  assumes  somewhat  of  a  greenish  tinge,  or,  in 
other  words,  becomes  blended  with  yellow. — Letter  from  Arago 
to  Humboldt ;  Cosmos,  vol.  iii. 

BEAUTY  OF  TWILIGHT. 

This  phenomenon  is  caused  by  the  refraction  of  solar  light 
enabling  it  to  diffuse  itself  gradually  over  our  hemisphere,  ob- 
scured by  the  shades  of  night,  long  before  the  sun  appears,  even 
when  that  luminary  is  eighteen  degrees  below  our  horizon.  It 
is  towards  the  poles  that  this  reflected  splendour  of  the  great 
luminary  is  longest  visible,  often  changing  the  whole  of  the 
night  into  a  magic  day,  of  which  the  inhabitants  of  southern 
Europe  can  form  no  adequate  conception. 

HOW  PASCAL  WEIGHED  THE  ATMOSPHERE. 

Pascal's  treatise  on  the  weight  of  the  whole  mass  of  air 
forms  the  basis  of  the  modern  science  of  Pneumatics.   In  order 
to  prove  that  the  mass  of  air  presses  by  its  weight  on  all  the 
bodies  which  it  surrounds,  and  also  that  it  is  elastic  and  com- 
pressible, he  carried  a  balloon,  half-filled  with  air,  to  the  top 
of  the  Puy  de  Dome,  a  mountain  about  500  toises  above  Cler- 
mont, in  Auvergne.   It  gradually  inflated  itself  as  it  ascended, 
and  when  it  reached  the  summit  it  was  quite  full,  and  swollen 
as  if  fresh  air  had  be'en  blown  into  it ;  or,  what  is  the  same 
thing,  it  swelled  in  proportion  as  the  weight  of  the  column  of 
air  which  pressed  upon  it  was  diminished.  When  again  brought 
down  it  became  more  and  more  flaccid,  and  when  it  reached 
the  bottom  it  resumed  its  original  condition.    In  the  nine 
chapters  of  which  the  treatise  consists,  Pascal  shows  that  aU 
the  phenomena  and  effects  hitherto  ascribed  to  the  horror  of  a 
vacuum  arise  from  the  weight  of  the  mass  of  an- ;  and  after  ex- 
plaining the  variable  pressure  of  the  atmosphere  in  different 
localities  and  in  its  different  states,  and  the  rise  of  water  in 
pumps,  he  calculates  that  the  whole  mass  of  air  round  our  globe 
weighs  8,983,889,440,000,000,000  French  pounds.  —  ^ori/i- 

Brituh  Review,  No.  2.  .       .i  a.   „i„c,f 

It  seems  probable,  from  many  indications,  that  the  greatest 
height  at  which  visible  clouds  ever  exist  does  not  exceed  ten 
miles  ;  at  which  height  the  density  of  the  air  is  about  an  eighth 
part  of  what  it  is  at  the  level  of  the  sea.->Stf  John  HerscUL 

VARIATIONS  OF  CLIMATE. 

History  informs  us  that  many  of  the  countries  of  Europe 
which  now  possess  very  mild  winters,  at  f  ^^"^^^^ 

severe  cold  during  this  season  of  the  year.  ^.The  Tiber  at  Rom^ 
was  often  frozen  over,  and  snow  at  one  time  lay  for  forty  days 
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in  that  city.    The  Euxine  Sea  was  frozen  over  every  winter 
during  the  time  of  Ovid,  and  the  rivers  Rhine  and  Rhone  used 
to  be  frozen  over  so  deep  that  the  ice  sustained  loaded  wagons. 
The  waters  of  the  Tiber,  Rhine,  and  Rhone,  now  flow  freely 
every  winter ;  ice  is  unknown  in  Rome,  and  the  waves  of  the 
Euxine  dash  their  wintry  foam  uncrystallised  upon  the  rocks. 
Some  have  ascribed  these  climate  changes  to  agriculture — the 
cutting  down  of  dense  forests,  the  exposing  of  the  unturned  soil 
to  the  summer's  sun,  and  the  draining  of  great  marshes.  We 
do  not  believe  that  such  great  changes  could  be  produced  on 
the  climate  of  any  country  by  agriculture ;  and  we  are  certain 
that  no  such  theory  can  account  for  the  cortrary  change  of  cli- 
mate— from  warm  to  cold  winters — which  history  tells  us  has 
taken  place  in  other  countries  than  those  named.  Greenland 
received  its  name  from  the  emerald  herbage  which  once  clothed 
its  valleys  and  mountains ;  and  its  east  coast,  which  is  now  in- 
accessible on  account  of  perpetual  ice  heaped  upon  its  shores, 
was  in  the  eleventh  century  the  seat  of  flourishing  Scandina- 
vian colonies,  all  trace  of  which  is  now  lost.   Cold  Labrador  was 
named  Vinland  by  the  Northmen,  who  visited  it  a.d.  1000,  and 
were  charmed  with  its  then  mild  climate.    The  cause  of  these 
changes  is  an  important  inqnirj.— Scientific  American. 

AVERAGE  CLIMATES. 

When  we  consider  the  numerous  and  rapid  changes  which 
take  place  m  our  climate,  it  is  a  remarkable  fact,  that  the  mean 
temperature  of  a  place  remains  nearly  the  same.  The  winter  may 
be  unusually  cold,  or  the  summer  unusuaUy  hot,  while  the 
mean  temperature  has  varied  even  less  than  a  degree.  A  very 
warm  summer  is  therefore  Ukely  to  be  accompanied  with  a 
cold  wmter ;  and  in  general,  if  we  have  any  long  period  of 
cold  weather,  we  may  expect  a  similar  period  at  a  higher  tem- 
perature. In  general,  however,  in  the  same  locality  the  rela- 
tive distribution  over  summer  and  winter  undergoes  compara- 
tively smaU  variations;  therefore  every  point  of  the  globe  has 
an  average  chmate,  though  it  is  occasionally  disturbed  by  dif- 
lerent  atmospheric  changes.—J^orth-British  Review,  No.  49. 

THE  FINEST  CLIMATE  IN  THE  WORLD. 

Humboldt  regards  the  climate  of  the  Caspian  Sea  as  the 
most  salubrious  in  the  world  :  here  he  found  the  most  delicious 
fruits  that  he  saw  during  his  travels  ;  and  such  was  the  purity 
of  the  air,  that  pohshed  steel  would  not  tarnish  even  by  night 
exposure.  "^s"'' 
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THE  PUEEST  ATMOSPHERES. 

The  cloudless  purity  and  transparency  of  the  atmosphere, 
which  last  for  eight  months  at  Santiago,  in  Chili,  are  so  great, 
that  Lieutenant  Gilliss,  with  the  first  telescope  ever  constructed 
in  America,  having  a  diameter  of  seven  inches,  was  clearly  able 
to  recognise  the  sixth  star  in  the  trapezium  of  Orion.  If  we 
are  to  rely  upon  the  statements  of  the  Rev.  Mr.  Stoddart,  an 
American  missionary,  Oroomiah,  in  Persia,  seems  to  be,  in  so 
far  as  regards  the  transparency  of  the  atmosphere,  the  most 
suitable  place  in  the  world  for  an  astronomical  observatory. 
Writing  to  Sir  John  Herschel  from  that  country,  he  mentions 
that  he  has  been  enabled  to  distinguish  with  the  naked  eye  the 
satellites  of  Jupiter,  the  crescent  of  Venus,  the  rings  of  Saturn, 
and  the  constituent  members  of  several  double  stars. 


SEA-BEEEZES  AND  LAND-BREEZES  ILLUSTRATED. 

When  a  fire  is  kindled  on  the  hearth,  we  may,  if  we  will 
observe  the  motes  floating  in  the  room,  see  that  those  nearest 
the  chimney  are  the  first  to  feel  the  draught  and  to  obey  it, — 
they  are  drawn  into  the  blaze.  The  circle  of  inflowing  air  is 
gradually  enlarged,  until  it  is  scarcely  perceived  in  the  remote 
parts  of  the  room.  Now  the  land  is  the  hearth,  the  rays  of  the 
sun  the  fire,  and  the  sea,  vrith  its  cool  and  calm  air,  the  room  ; 
and  thus  we  have  at  our  firesides  the  sea-breeze  in  miniature. 

When  the  sun  goes  down,  the  fire  ceases ;  then  the  dry  land 
commences  to  give  off  its  surplus  heat  by  radiation,  so  that  by 
nine  or  ten  o'clock  it  and  the  air  above  it  are  cooled  below  the 
sea  temperature.  The  atmosphere  on  the  land  thus  becomes 
heavier  than  that  on  the  sea,  and  consequently  there  is  a  wind 
seaward,  which  we  call  the  land-breeze. — Maury. 

SUPERIOR  SALUBRITY  OF  THE  WEST. 

All  large  cities  and  towns  have  their  best  districts  in  the 
West;*  which  choice  the  French  savans,  Pelouze,  Pouillet. 
Boussingault,  and  Elie  de  Beaumont,  attribute  to  the  law  of 
atmospheric  pressure.  "When,"  say  they,  "  the  barometric 
column  rises,  smoke  and  pernicious  emanations  rapidly  evapor- 
ate in  space.    On  the  contrary,  smoke  and  noxious  vapours  re- 

•  Not  only  at  London,  but  at  Paris,  Vienna,  Berlin,  Tnrin,  St.  Petersburg, 
and  almost  every  other  capital  in  Europe ;  at  Liege.  Caen,  Montpellier,  Toulouse, 
and  several  other  large  towus.-wherever,  in  fact,  there  are  not  great  local  obsta- 
cles —the  tendency  of  the  wealthier  inhabitants  to  group  themselves  to  the  west 
is  as  strongly  marked  as  in  the  British  metropolis.  At  Pompeii,  and  other  an- 
cient towns,  the  same  thing  may  be  noticed  ;  and  where  the  local  configuration  of 
the  town  necessitates  an  increase  in  a  different  direction,  the  moment  the  obsta- 
cle ceases  houses  spread  towards  the  west. 
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main  in  apartments,  and  on  the  surface  of  the  soil.  Now, 
of  all  winds,  that  which  causes  the  greatest  ascension  of  the 
barometric  column  is  the  east ;  and  that  which  lowers  it  most 
IS  the  west.  When  the  latter  blows,  it  carries  with  it  to  the 
eastern  parts  of  the  town  all  the  deleterious  gases  from  the 
west ;  and  thus  the  inhabitants  of  the  east  have  to  support 
their  own  smoke  and  miasma,  and  those  brought  by  western 
winds.  When,  on  the  contrary,  the  east  wind  blows,  it  purifies 
the  air  by  causing  to  ascend  the  pernicious  emanations  which  it 
cannot  drive  to  the  west.  Consequently,  the  inhabitants  of  the 
west  receive  pure  air,  from  whatever  part  of  the  horizon  it  may 
arrive ;  and  as  the  west  winds  are  most  prevalent,  they  are  the 
first  to  receive  the  air  pure,  and  as  it  arrives  from  the  country. 

FEETILISATION  OF  CLOUDS. 

^    As  the  navigator  cruises  in  the  Pacific  Ocean  among  the 
islands  of  the  trade-wind  region,  he  sees  gorgeous  piles  of  cu- 
muli, heaped  up  in  fleecy  masses,  not  only  capping  the  island 
hills,  but  often  overhanging  the  lowest  islet  of  the  tropics,  and 
eveii  standing  above  coral  patches  and  hidden  reefs ;  "  a  cloud 
by  day,  to  serve  as  a  beacon  to  the  lonely  mariner  out  there  at 
sea,  and  to  warn  him  of  shoals  and  dangers  which  no  lead  nor 
seaman  s  eye  has  ever  seen  or  sounded.    These  clouds,  under 
tavourable  circumstances,  may  be  seen  gathering  above  the  low 
coral  island,  preparing  it  for  vegetation  and  fruitfuhiess  in  a 
very  striking  manner.    As  they  are  condensed  into  showers, 
one  fancies  that  they  are  a  sponge  of  the  most  exquisite  and  de- 
licately elaborated  material,  and  that  he  can  see,  as  they  "  drop 
down  their  fatness,"  the  invisible  but  bountiful  hand  aloft  that 
is  pressing  and  squeezii-.o;  it  out.— Mauri/, 

BAROMETEIC  MEASUREMENT. 

We  must  not  place  too  implicit  a  dependence  on  Barometri- 
cal Measurements.  Ermann  in  Siberia,  and  Ross  in  the  Antarc- 
tic beas,  have  demonstrated  the  existence  of  localities  on  the 
earth  s  surface  where  a  permanent  depression  of  the  barometer 
prevails  to  the  astonishing  extent  of  nearly  an  inch. 

GIGANTIC  BAROMETER. 

In  the  Great  Exhibition  Building  of  1851  was  a  coIobwiI 
Barometer,  the  tube  and  scale  reachlg  from  tL  floor  of  t^ 
gallery  nearly  to  the  top  of  the  buildin|,  and  the  rise  and  faU 
of  the  indicating  fluid  being  marked  by  feet  instead  of  by  tenths 
of  inches.  The  column  of  mercury,  supported  by  the  pressure 
of  the  atmosphere,  communicated  with  a  perpendicular  tube  of 
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smaller  bore,  which  contained  a  coloured  fluid  much  Uehter 
than  mercury.  When  a  diminution  of  atmospheric  pressure  oc- 
curred, the  mercury  in  the  large  tube  descended,  and  by  its  fall 
forced  up  the  coloured  fluid  in  the  smaller  tube  ;  the  fall  of  the 
one  being  indicated  in  a  magnified  ratio  by  the  rise  in  the  other. 

THE  ATMOSPHEEE  COMPARED  TO  A  STEAM-ENGINE. 

In  this  comparison,  by  Lieut.  Maury,  the  South  Seas  them- 
selves, in  all  their  vast  intertropical  extent,  are  the  boiler  for 
the  engine,  and  the  northern  hemisphere  is  its  condenser.  The 
mechanical  power  exerted  by  the  air  and  the  sun  in  lifting 
water  from  the  earth,  in  transporting  it  from  one  place  to  an- 
other, and  in  letting  it  down  again,  is  inconceivably  great. 
The  utilitarian  who  compares  the  water-power  that  the  Falls 
of  Niagara  would  aflford  if  applied  to  machinery  is  astonished 
at  the  number  of  figures  which  are  required  to  express  its  equi- 
valent in  horse-power.  Yet  what  is  the  horse-power  of  the  Nia- 
gara, falling  a  few  steps,  in  comparison  with  the  horse-power 
that  is  required  to  lift  up  as  high  as  the  clouds  and  let  down 
again  all  the  water  that  is  discharged  into  the  sea,  not  only  by 
this  river,  but  by  all  the  other  rivers  in  the  world?  The  calcu- 
lation has  been  made  by  engineers ;  and  according  to  it,  the 
force  of  making  and  lifting  vapour  from  each  area  of  one  acre 
that  is  included  on  the  surface  of  the  earth,  is  equal  to  the 
power  of  thirty  horses ;  and  for  the  whole  of  the  earth,  it  is  800 
times  greater  than  all  the  water-power  in  Europe. 

HOW  DOES  THE  RAIN-MAKING  VAPOUR  GET  FROM  THE 
SOUTHERN  INTO  THE  NORTHERN  HEMISPHERE  ? 

This  comes  with  such  regularity,  that  our  rivers  never  go 
dry,  and  our  springs  fail  not,  because  of  the  exact  compensa- 
tion of  the  grand  machine  of  the  atmosphere.  It  is  exquisitely 
and  wonderfully  counterpoised.  Late  in  the  autumn  of  the 
north,  throughout  its  winter,  and  in  early  spring,  the  sun  is 
pouring  his  rays  with  the  greatest  intensity  down  upon  the 
seas  of  the  southern  hemisphere;  and  this  powerful  engine, 
which  we  are  contemplating,  is  pumping  up  the  water  there 
with  the  greatest  activity ;  at  the  same  time,  the  mean  temper- 
ature of  the  entire  southern  hemisphere  is  about  10°  higher 
than  the  northern.  The  heat  which  this  heavy  evaporation 
absorbs  becomes  latent,  and  with  the  moisture  is  carried 
through  the  upper  regions  of  the  atmosphere  until  it  reaches 
our  climates.  Here  the  vapour  is  formed  into  clouds,  con- 
densed and  precipitated;  the  heat  which  held  their  water  in  the 
state  of  vapour  is  set  free,  and  becomes  sensible  heat ;  and  it  is 
that  which  contributes  so  much  to  temper  our  winter  climate. 
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It  clouds  up  in  winter,  turns  warm,  and  we  say  we  are  going 
to  have  falling  weather :  that  is  because  the  process  of  con- 
densation has  already  commenced,  though  no  rain  or  snow  may 
liave  fallen.  Thus  we  feel  this  southern  heat,  that  has  been  col- 
lected by  the  rays  of  the  sun  by  the  sea,  been  bottled  away  by 
the  winds  in  the  clouds  of  a  southern  summer,  and  set  free  in 
the  process  of  condensation  in  our  northern  winter. 

Thus  the  South  Seas  should  supply  mainly  the  water  for 
the  engine  just  described,  while  the  northern  hemisphere  con- 
denses it ;  we  should,  therefore,  have  more  rain  in  the  north- 
ern hemisphere.    The  rivers  tell  us  that  we  have,  at  least  on 
the  land ;  for  the  great  water-courses  of  the  globe,  and  half 
the  fresh  water  in  the  world,  are  found  on  the  north  side  of 
the  equator.    This  fact  is  strongly  corroborative  of  this  hypo- 
thesis.   To  evaporate  water  enough  annually  from  the  ocean 
to  cover  the  earth,  on  the  average,  five  feet  deep  with  rain  ;  to 
transport  it  from  one  zone  to  another ;  and  to  precipitate  it 
in  the  right  places  at  suitable  times  and  in  the  proportions 
due,— is  one  of  the  offices  of  the  grand  atmospherical  machine. 
This  water  is  evaporated  principally  from  the  torrid  zone.  Sup- 
posmg  it  all  to  come  thence,  we  shall  have  encircling  the  earth 
a  belt  of  ocean  3000  miles  in  breadth,  from  which  this  atmo- 
sphere evaporates  a  layer  of  water  annually  sixteen  feet  in 
depth.  And  to  hoist  up  as  high  as  the  clouds,  and  lower  down 
again,  all  the  water,  in  a  lake  sixteen  feet  deep  and  3000  mUes 
broad  and  24,000  long,  is  the  yearly  business  of  this  invisible 
inachmery.    What  a  powerful  engine  is  the  atmosphere  !  and 
how  nicely  adjusted  must  be  all  the  cogs  and  wheels  and  springs 
and  compemattom  of  this  exquisite  piece  of  machinery,  that  it 
never  wears  out  nor  breaks  down,  nor  fails  to  do  its  work  at 
the  right  time  and  in  the  right  way  l~Maur7/. 

THE  PHILOSOPHY  OF  EAIN. 

To  understand  the  philosophy  of  this  beautiful  and  often 
sublime  phenomenon  a  few  facts  derived  from  observation  and 
a  long  train  of  experiments  must  be  remembered. 
r,oJ;         the  atmosphere  every  where  at  all  times  at  a  tmiform  tern- 
LJk  7t'  '•^i^'  or  haU,  or  snow  w™er  ab 

sorbed  by  it  in  evaporation  from  the  sea  and  the  earth's  surface  would 
descend  in  au  imperceptible  vapour,  or  cease  to  be  Sorb^  by  the  ^ 
when  It  was  once  fully  saturated  a^soroea  oy  zae  air 
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Now  when,  from  continued  evaporation,  the  air  is  highly 
saturated  with  vapour,  though  it  be  invisible  and  the  sky  cloud- 
less, if  its  temperature  is  suddenly  reduced  by  cold  currents  de- 
scending from  above  or  rushing  from  a  higher  to  a  lower  lati- 
tude, its  capacity  to  retain  moisture  is  diminished,  clouds  are 
formed,  and  the  result  is  rain.  Air  condenses  as  it  cools,  and, 
like  a  sponge  filled  with  water  and  compressed,  pours  out  the 
water  which  its  diminished  capacity  cannot  hold.  What  but 
Omniscience  could  have  devised  such  an  admirable  arrange- 
ment for  watering  the  earth  ? 

INORDINATE  RAINY  CLIMATE. 

The  climate  of  the  Khasia  mountains,  which  lie  north-east 
from  Calcutta,  and  are  separated  by  the  valley  of  the  Burrara- 
pooter  River  from  the  Himalaya  range,  is  remarkable  for  the 
inordinate  fall  of  rain — the  greatest,  it  is  said,  which  has  ever 
been  recorded.  Mr.  Yule,  an  English  gentleman,  established  that 
in  the  single  month  of  August  1841  there  fell  264  inches  of  rain, 
or  22  feet,  of  which  12^  feet  fell  in  the  space  of  five  consecu- 
tive days.  This  astonishing  fact  is  confirmed  by  two  other 
English  travellers,  who  measured  30  inches  of  rain  in  twenty- 
four  hours,  and  during  seven  months  above  500  inches.  This 
great  rain-fall  is  attributed  to  the  abruptness  of  the  moun- 
tains which  face  the  Bay  of  Bengal,  and  the  intervening  flat 
swamps  200  miles  in  extent.  The  district  of  the  excessive  rain 
is  extremely  limited ;  and  but  a  few  degrees  farther  west,  rain 
is  said  to  be  almost  unknown,  and  the  winter  falls  of  snow  to 
seldom  exceed  two  inches. 

HOW  DOES  THE  NORTH  WIND  DRIVE  AWAY  RAIN  ? 

"tVa  liiay  liken  it  to  a  wet  sponge,  and  the  decrease  of  tem- 
perature to  the  hand  that  squeezes  that  sponge.  Finally,  reach- 
ing the  cold  latitudes,  all  the  moisture  that  a  dew-point  of 
zero,  and  even  far  below,  can  extract,  is  wrung  from  it  ;  and 
this  air  then  commences  "  to  return  according  to  his  circuits 
as  dry  atmosphere.  And  here  we  can  quote  Scripture  agam : 
"  The  north  wind  driveth  away  rain."  This  is  a  meteorolo- 
gical fact  of  high  authority  and  great  importance  in  the  study 
of  the  circulation  of  the  atmosphere.— ifattr^. 

SIZE  OF  RAIN-DROPS. 

The  Drops  of  Rain  vary  in  their  size,  perhaps  from  the  25th 
to  the  i  of  an  inch  in  diameter.  In  parting  from  the  clouds, 
thev  precipitate  their  descent  till  the  increasmg  resistance  op- 
nosed  by  the  air  becomes  equal  to  their  weight,  when  they 
continue  to  fall  with  uniform  velocity.  This  velocity  is,  there- 
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fore,  in  a  certain  ratio  to  the  diameter  of  the  drops ;  hence 
thunder  and  other  showers  in  which  the  drops  are  large  pour 
down  faster  than  a  drizzling  rain.  A  drop  of  the  25th  part  of 
an  inch,  in  falling  through  the  air,  would,  when  it  had  arrived 
at  its  uniform  velocity,  only  acquire  a  celerity  of  1^  feet  per 
second ;  while  one  of  J  of  an  inch  would  equal  a  velocity  of 
33J  feet. — Leslie. 

RAINLESS  DISTEICTS. 

In  several  parts  of  the  world  there  is  no  rain  at  all.  In  the 
Old  World  there  are  two  districts  of  this  kind :  the  desert  of 
Sahara  in  Africa,  and  in  Asia  part  of  Arabia,  Syria,  and  Per- 
sia; the  other  district  lies  between  north  latitude  30°  and  50°, 
and  between  75°  and  118°  of  east  longitude,  including  Thibet, 
Gobiar  Shama,  and  Mongolia.  In  the  New  World  the  rain- 
less districts  are  of  much  less  magnitude,  occupying  two  narrow 
strips  on  the  shores  of  Peru  and  Bolivia,  and  on  the  coast  of 
Mexico  and  Guatemala,  with  a  small  district  between  Trinidad 
and  Panama  on  the  coast  of  Venezuela. 

ALL  THE  EAIN  IN  THE  ■WOULD. 

The  Pacific  Ocean  and  the  Indian  Ocean  may  be  considered 
as  one  sheet  of  water  covering  an  area  quite  equal  in  extent  to 
one  half  of  that  embraced  by  the  whole  surface  of  the  earth  ; 
and  the  total  annual  fall  of  rain  on  the  earth's  surface  is  186,240 
cubic  imperial  miles.  Not  less  than  three-fourths  of  the  vapour 
which  makes  this  rain  comes  from  this  waste  of  waters  •  but 
supposing  that  only  half  of  this  quantity,  that  is  93,120  cubic 
miles  of  rain,  falls  upon  this  sea,  and  that  that  much  at  least 
IS  taken  up  from  it  again  as  vapour,  this  would  give  255  cubic 
miles  as  the  quantity  of  water  which  is  daily  lifted  up  and 
poured  back  again  into  this  expanse.  It  is  taken  up  at  one 
place,  and  rained  down  at  another;  and  in  this  process,  there- 
fore, we  have  agencies  for  multitudes  of  partial  and  conflicting 
currents  all,  in  their  set  strength,  apparently  as  uncertain  as 
the  winds. 

The  better  to  appreciate  the  operation  of  such  agencies  in 
producing  currents  in  the  sea,  imagine  a  district  of  255  square 
miles  to  be  set  apart  in  the  midst  of  the  Pacific  Ocean  as  the 
scene  of  operations  for  one  day ;  then  conceive  a  machine  cap- 
^ole  of  pumping  up  in  the  twenty-four  hours  all  the  water  to 
the  depth  of  one  mjle  in  this  district.  The  machine  must  not 
only  pump  up  and  bear  oflF  this  immense  quantity  of  water,  but 
It  must  discharge  it  again  into  the  sea  on  the  same  day,  but 
I*  at  some  other  place. 

All  the  great  rivers  of  America,  Europe,  and  Asia  are  Ufted 
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up  by  the  atmosphere,  and  flow  in  invisible  streams  back 
through  the  air  to  their  sources  among  the  hills ;  and  through 
channels  so  regular,  certain,  and  well  defined,  that  the  quan- 
tity thus  conveyed  one  year  with  the  other  is  nearly  the  same : 
for  that  is  the  quantity  which  we  see  running  down  to  the 
ocean  through  these  rivers ;  and  the  quantity  discharged  an- 
nually by  each  river  is,  as  far  as  we  can  judge,  nearly  a  con- 
stant.— Maury. 

AN  INCH  OF  RAIN  ON  THE  ATLANTIC. 

Lieutenant  Maury  thus  computes  the  efl^ect  of  a  single  Inch 
of  Rain  falling  upon  the  Atlantic  Ocean.  The  Atlantic  includes 
an  area  of  twenty-five  millions  of  square  miles.  Suppose  an 
inch  of  rain  to  fall  upon  only  one-fifth  of  this  vast  expanse.  It 
would  weigh,  says  our  author,  three  hundred  and  sixty  thou- 
sand millions  of  tons :  and  the  salt  which,  as  water,  it  held  in 
solution  in  the  sea,  and  which,  when  that  water  was  taken  up 
as  vapour,  was  left  behind  to  disturb  equilibrium,  weighed  six- 
teen millions  more  of  tons,  or  nearly  twice  as  much  as  all  the 
ships  in  the  world  could  carry  at  a  cargo  each.  It  might  fall 
in  an  hour,  or  it  might  fall  in  a  day  ;  but,  occupy  what  time  it 
might  in  falling,  this  rain  is  calculated  to  exert  so  much  force 
— which  is  inconceivably  great — in  disturbing  the  equilibrium 
of  the  ocean.  If  all  the  water  discharged  by  the  Mississippi 
I'iver  during  the  year  were  taken  up  in  one  mighty  measure, 
and  cast  into  the  ocean  at  one  effort,  it  would  not  make  a 
greater  disturbance  in  the  equilibrium  of  the  sea  than  would 
the  fall  of  rain  supposed.  And  yet  so  gentle  are  the  opera- 
tions of  nature,  that  movements  bo  vast  are  unperceived. 

THE  EQUATORIAL  CLOUD-RING. 

In  crossing  the  Equatorial  Doldrums,  the  voyager  passes  a 
ring  of  clouds  that  encircles  the  earth,  and  is  stretched  around 
our  planet  to  regulate  the  quantity  of  precipitation  in  the  rain- 
belt  beneath  it ;  to  preserve  the  due  quantum  of  heat  on  the 
face  of  the  earth  ;  to  adjust  the  winds  ;  and  send  out  for  dis- 
tribution to  the  four  corners  vapours  in  proper  quantities,  to 
make  up  to  each  river-basin,  climate,  and  season,  its  quota  of 
sunshine,  cloud,  and  moisture.  Like  the  balance-wheel  of  a 
well-constructed  chronometer,  this  cloud-ring  affords  the  grand 
atmospherical  machine  the  most  exquisitely  arranged  self-com- 
pensation. Nature  herself  has  hung  a  thermometer  under  this 
cloud-belt  that  is  more  perfect  than  any  that  man  can  con- 
struct, and  its  indications  are  not  to  be  mistaken. — Maury. 

"  THE  EQUATORIAL  DOLDRUMS" 

is  another  of  these  calm  places.   Besides  being  a  region  of 
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i  calms  and  baffling  winds,  it  is  a  region  noted  for  its  rains  and 
!  clouds,  which  make  it  one  of  the  most  oppressive  and  disagree- 
i  able  places  at  sea.    The  emigrant  ships  from  Europe  for  Aus- 
;  tralia  have  to  cross  it.    They  are  often  baffled  in  it  for  two  or 
three  weeks ;  then  the  children  and  the  passengers  who  are  of 
delicate  health  suflFer  most.    It  is  a  frightful  grareyard  on  the 
wayside  to  that  golden  land. 

BEAUTY  OF  THE  DEW-DEOP. 

!  The  Dew-drop  is  familiar  to  every  one  from  earliest  infancy. 
;  Resting  in  luminous  beads  on  the  down  of  leaves,  or  pendent 

from  the  finest  blades  of  grass,  or  threaded  upon  the  floating 
I  lines  of  the  gossamer,  its  "  orient  pearl"  varies  in  size  from 
1  the  diameter  of  a  small  pea  to  the  most  minute  atom  that  can 

be  imagined  to  exist.  Each  of  these,  like  the  rain-drops,  has 
'  the  properties  of  reflecting  and  refracting  light ;  hence,  from  so 
I  many  minute  prisms,  the  unfolded  rays  of  the  sun  are  sent  up 

to  the  eye  in  colours  of  brilliancy  similar  to  those  of  the  rain- 
'  bow.  When  the  sunbeams  traverse  horizontally  a  very  thickly- 
i  bedewed  grass-plot,  these  colours  arrange  themselves  so  as  to 
I  form  an  iris,  or  dew-bow ;  and  if  we  select  any  one  of  these 
:  drops  for  observation,  and  steadily  regard  it  while  we  gradually 

change  our  position,  we  shall  find  the  prismatic  colours  follow 

each  other  in  their  regular  order. — Wells. 

FALL  OF  DEW  IN  ONE  YEAR. 

The  annual  average  quantity  of  Dew  deposited  in  this  coun- 
\  try  is  estimated  at  a  depth  of  about  five  inches,  being  about 

If  one-seventh  of  the  mean  quantity  of  moisture  supposed  to  be 
:  received  from  the  atmosphere  all  over  Great  Britain  in  the 
year  ;  or  about  22,161,337,356  tons,  taking  the  ton  at  252  im- 
I  perial  gallons. — Wells. 

j  GEADUATED  SUPPLY  OF  DEW  TO  VEGETATION. 

Each  of  the  different  grasses  draws  from  the  atmosphere 
during  the  night  a  supply  of  dew  to  recruit  its  energies  de- 

B pendent  upon  its  form  and  peculiar  radiating  power.  Every 
flower  has  a  power  of  radiation  of  its  own,  subject  to  changes 
during  the  day  and  night,  and  the  deposition  of  moisture  on 
it  is  regulated  by  the  peculiar  law  which  this  radiating  power 
obeys  ;  and  this  power  wiU  be  influenced  by  the  aspect  which 
the  flower  presents  to  the  sky,  unfoldiug  to  the  contemplative 
I  mind  the  most  beautiful  example  of  creative  wisdom.* 

'  *  By  far  the  most  complete  set  of  experiments  on  the  Radiation  of  Heat  from 
;  the  Enrtli's  Surface  at  Night  which  have  been  published  since  Dr.  Wells's  Me- 
f  .moit  On  Den,  are  those  of  Mr.  GUisher,  F.R.3.,  JPhiloa.  Trans,  for  1847. 
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WARMTH  OF  SNOW  IN  ARCTIC  LATITUDES. 

The  first  warm  Snows  of  August  and  September  (says  Dr. 
Kane),  falling  on  a  thickly-bleached  carpet  of  grasses,  heaths, 
and  willows,  enshrine  the  flowery  growths  which  nestle  round 
them  m  a  non-conducting  air-chamber  ;  and  as  each  successive 
snow  increases  the  thickness  of  the  cover,  we  have,  before  the 
intense  cold  of  winter  sets  in,  a  light  cellular  bed  covered  by 
drift,  seven,  eight,  or  ten  feet  deep,  in  which  the  plant  retains 
its  vitality.  Dr.  Kane  has  proved  by  experiments  that  the 
conducting  power  of  the  snow  is  proportioned  to  its  compres- 
sion by  winds,  rains,  drifts,  and  congelation.  The  drifts  that 
accumulate  during  nine  months  of  the  year  are  dispersed  in 
well-defined  layers  of  different  density.  We  have  first  the 
warm  cellular  snows  of  fall,  which  surround  the  plant ;  next 
the  finely-impacted  snow-dust  of  winter  ;  and  above  these  the 
later  humid  deposits  of  spring.  In  the  earlier  summer,  in  the 
inclined  slopes  that  face  the  sun,  as  the  upper  snow  is  melted 
and  sinks  upon  the  more  compact  layer  below  it  is  to  a  great 
extent  arrested,  and  runs  ofi'like  rain  from  a  slope  of  clay.  The 
plant  reposes  thus  in  its  cellular  bed,  safe  from  the  rush  of 
waters,  and  protected  from  the  nightly  frosts  by  the  icy  roof 
above  ^t. 

ISIPUEITY  OF  SNOW. 

It  is  believed  that  in  ascending  mountains  difficult  breath- 
ing is  sooner  felt  upon  snow  than  upon  rock ;  and  M.  Bous- 
singault,  in  his  account  of  the  ascent  of  Chimborazo,  attributes 
this  to  the  sensible  deficiency  of  oxygen  contained  in  the  pores 
of  the  snow,  which  is  exhaled  when  it  melts.  The  fact  that 
the  air  absorbed  by  snow  is  impure,  was  ascertained  by  De 
Saussure,  and  has  been  confirmed  by  Boussingault's  experi- 
ments.— Quarterly  Review,  No.  202. 

SNOW  PHENOMENON. 

Professor  Dove  of  Berlin  relates,  in  illustration  of  the  for- 
mation of  clouds  of  Snow  over  plains  situated  at  a  distance 
from  the  cooling  summits  of  mountains,  that  on  one  occasion  a 
large  company  had  gathered  in  a  ballroom  in  Sweden.  It  was 
one  of  those  icy  starlight  nights  which  in  that  country  are 
so  aptly  called  "iron  nights."  The  weather  was  clear  and 
cold,  and  the  ballroom  was  clear  and  warm  ;  and  the  heat  was 
so  great,  that  several  ladies  fainted.  An  officer  present  tried 
to  open  a  window ;  but  it  was  frozen  fast  to  the  sill.  As  a  last 
resort,  he  broke  a  pane  of  glass ;  the  cold  air  rushed  in,  and  it 
snowed  in  the  room.    A  minute  before  all  was  clear ;  but  the 
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warm  air  of  the  room  had  sustained  an  amount  of  moisture  m 
a  transparent  condition  which  it  was  not  able  to  mamtaxn 
when  mixed  with  the  colder  air  from  without.  The  vapour 
was  first  condensed,  and  then  frozen. 

ABSENCE  OF  SNOW  IN  SIBERIA. 

There  is  in  Siberia,  M.  Ermann  informs  us,  an  entire  district 
in  which  during  the  winter  the  sky  is  constantly  clear,  and 
where  a  single  particle  of  snow  never  falls.— ^m^o. 

ACCURACY  OF  THE  CHINESE  AS  OBSERVERS. 

The  beautiful  forms  of  snow-crystals  have  long  since  at- 
tracted Chinese  observers  ;  for  from  a  remote  period  there  has 
been  met  with  in  their  conversation  and  books  an  axiomatic 
expression,  to  the  effect  that  "  snow-flakes  are  hexagonal," 
showing  the  Chinese  to  be  accurate  observers  of  nature. 

PROTECTION  AGAINST  HAIL  AND  STORMS. 

Arago  relates,  that  when,  in  1847,  two  small  agricultural 
districts  of  Bourgoyne  had  lost  by  Hail  crops  to  the  value  of 
a  million  and  a  half  of  francs,  certain  of  the  proprietors  went 
to  consult  him  on  the  means  of  protecting  them  frona^  like 
disasters.  Resting  on  the  hypothesis  of  the  electric  origin  of 
hail,  Arago  suggested  the  discharge  of  the  electricity  of  the 
clouds  by  means  of  balloons  communicating  by  a  metallic  wire 
with  the  soil.  This  project  was  not  carried  out ;  but  Arago 
persisted  in  believing  in  the  effectiveness  of  the  method  pro- 
posed. 

Arago,  in  his  Meteorological  Essays,  inquires  whether  the  firing  of 
cannon  can  dissipate  storms.  He  cites  several  cases  in  its  favour,  and 
others  which  seem  to  oppose  it ;  but  he  concludes  by  recommending  it 
to  his  successors.  "Whilst  Arago  was  propounding  these  questions,  a 
person  not  conversant  with  science,  the  poet  M^ry,  was  collecting  facts 
supporting  the  view,  which  he  has  published  in  his  Paris  Futur.  His 
attention  was  attracted  to  the  firing  of  cannon  to  dissipate  storms  in 
1828,  whilst  an  assistant  in  the  "  Ecole  de  Tir"  at  Vincennes.  Having 
observed  that  there  was  never  any  rain  in  the  morning  of  the  exercise 
of  firing,  ho  waited  to  examine  military  records,  and  found  there,  as  he 
says,  facts  which  justified  the  expressions  of  "  Le  soleil  d'Austerlitz," 
"  Le  soleil  de  juillet,"  upon  the  morning  of  the  Eevolution  of  July ;  and 
he  concluded  by  proposing  to  construct  aroimd  Paris  twelve  towers  of 
great  height,  which  he  calls  "  tours  imbrifages,"  each  carrying  100  can- 
nons, which  should  be  discharged  into  the  air  on  the  approach  of  a 
sform.  About  this  time  an  incident  occurred  which  in  nowise  confirmed 
the  trath  of  M.  Mery's  theory.  The  14th  of  August  was  a  fine  day.  On 
the  15th,  the  fSte  of  the  Empire,  the  sun  shone  out,  the  cannon  thun- 
dered all  day  long,  fireworks  and  illuminations  were  blazing  from  nine 
o'clock  in  the  evening.  Every  thing  conspired  to  verify  the  hypothesis 
of  M.  Mery,  and  chase  away  storms  for  a  long  time.    But  towards 
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eleven  in  the  evening  a  torrent  of  rain  burst  upon  Paris,  in  spite  of  the 
pretended  influence  of  the  discharge  of  cannon,  and  gave  an  occasion 
lor  the  mobUe  Galhc  mind  to  turn  its  attention  in  other  directions 


TEERIFIC  HAILSTORM. 

Jansen  describes,  from  the  log-book  of  the  Rhijin,  Captain 
Brandligt,  in  the  South -Indian  Ocean  (25°  south  latitude) 
a  Hurricane,  accompanied  by  Hail,  by  which  several  of  the 
crew  were  made  blind,  others  had  their  faces  cut  open,  and 
those  who  were  in  the  rigging  had  their  clothes  torn  oflF  them. 
The  master  of  the  ship  compared  the  sea  "  to  a  hilly  landscape 
in  winter  covered  with  snow."  Does  it  not  appear  as  if  the 
"treasures  of  the  hail"  were  opened,  which  were  "reserved 
against  the  time  of  trouble,  against  the  day  of  battle  and 
war"  ? 

HOW  WATERSPOUTS  ARE  FORMED  IN  THE  JAVA  SEA. 

Among  the  small  groups  of  islands  in  this  sea,  in  the  day 
and  night  thunderstorms,  the  combat  of  the  clouds  appears  to 
make  them  more  thirsty  than  ever.  In  tunnel  form,  when  they 
can  no  longer  quench  their  thirst  from  the  surrounding  atmo- 
sphere, they  descend  near  the  surface  of  the  sea,  and  appear  to 
lap  the  water  directly  up  with  their  black  mouths.  They  are 
not  always  accompanied  by  strong  winds :  frequently  more 
than  one  is  seen  at  a  time,  whereupon  the  clouds  whence  they 
proceed  disperse,  and  the  ends  of  the  Waterspouts  bending 
over  finally  causes  them  to  break  in  the  middle.  They  seldom 
last  longer  than  five  minutes.  As  they  are  going  away,  the 
bulbous  tube,  which  is  as  palpable  as  that  of  a  thermometer, 
becomes  broader  at  the  base ;  and  little  clouds,  like  steam  from 
the  pipe  of  a  locomotive,  are  continually  thrown  ofi"  from  the 
circumference  of  the  spout,  and  gradually  the  water  is  re- 
leased, and  the  cloud  whence  the  spout  came  again  closes  its 
mouth. 

COLD  IN  Hudson's  bay. 

Mr.  R.  M.  Ballantyne,  in  his  journal  of  six  years'  residence 
in  the  territories  of  the  Hudson's  Bay  Company,  tells  us,  that 
for  part  of  October  there  is  sometimes  a  little  warm,  or  rather 
thawy,  weather ;  but  after  that,  until  the  following  April,  the 
thermometer  seldom  rises  to  the  freezing  point.  In  the  depth 
of  winter,  the  thermometer  falls  from  30°  to  40°,  45°,  and  even 
49°  below  zero  of  Fahrenheit.  This  intense  cold  is  not,  however, 
so  much  felt  as  one  might  suppose  ;  for  during  its  continuance 
the  air  is  perfectly  calm.  Were  the  slightest  breath  of  wind 
to  rise  when  the  thermometer  stands  so  low,  no  man  could 
show  his  face  to  it  for  a  moment.    Forty  degrees  below  zero, 
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and  quite  calm,  is  infinitely  preferable  to  fifteen  below  or 
thereabout,  with  a  strong  breeze  of  wind.  Spirit  of  wine  is,, 
ot  course,  the  only  thing  that  can  be  used  in  the  thermometer  • 
as  mercury  were  it  exposed  to  such  cold,  would  remain  frozen 
nearly  half  the  winter.  Spirit  never  froze  in  any  cold  ever 
experienced  at  York  Factory,  unless  when  very  much  adulter- 
ated  with  water ;  and  even  then  the  spirit  would  remain  liquid 
in  the  centre  of  the  mass.  Quicksilver  easily  freezes  in  this 
Climate  and  it  has  frequently  been  run  into  a  bullet-mould, 
exposed  to  the  co  d  air  till  frozen,  and  in  this  state  rammed 
down  a  gun-barrel,  and  fired  through  a  thick  plank.  The 

.""^^u^^'^*  0^  ^6°  below  zero, 

Hnnhl  -'^i  The  houses  at  the  Bay  are  built  of  wood,  with 
double  windows  and  doors.  They  are  heated  by  large  iron 
stoves,  fed  with  wood;  yet  so  intense  is  the  cold^  that  when 

PUEITY  OF  WENHAM-LAKE  ICE. 

f^'^i^y  attributes  the  purity  of  Wenham-Lake 

JrLence  of^h^^fi  X'^.^'^^^^^  a/d  from  s^L  The 
presence  of  the  first  makes  it  extremely  diflScult  to  succeed  in 
making  alens  of  English  ice  which  will  concSitmte  the  sol^^ 
If  ^fd^ly  gunpowder;  whereas  notSng  fs  eas  er 
than  to  perform  this  singular  feat  of  igniting  a  combuSe 
body  by  aid  of  a  frozen  mass  if  Wenham-Ske  ii  breZToyed 

caronir  thaw  at  32^  IS'  T'  '"^S'P""'  Wenham-Lake  ice 

L ARCTIC  TEMPERATURES. 
Dr.  Kane,  in  his  Second  Arctic  ExDeditinn  f^nr,^ 
ometers  beginning  to  ^hnw  nr!L„^  i  /  ?  '  *^er- 
:  ranged  from  60°  to  70°  hPloJ.^^^^^^^      temperature:  they 
bri|  65°.    The  reduced  mean  SV^K  T""-       ^^^^^^  of  the 
67^  or  99°below  Z  best  spirit-standards  gave 

peratures  chlori:  ether  S  'iXf 
^  granular  pellicle  on Tts  siSe    Sni^n/^^^ll^'?  ^^^M^M 
the  oil'of  turpentit  ;t?olilK3°V;^^^^^^^  '"^^ 
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DR.  RAE  S  ARCTIC  EXPLORATIONS. 

The  gold  medal  of  the  Royal  Geographical  Society  was  in 
1852  most  rightfully  awarded  to  this  indefatigable  Arctic  ex- 
plorer. His  survey  of  the  inlet  of  Boothia,  in  1848,  was  unique 
in  its  kind.  In  Repulse  Bay  he  maintained  his  party  on  deer, 
principally  shot  by  himself;  and  spent  ten  months  of  an  Arctic 
winter  in  a  hut  of  stones,  with  no  other  fuel  than  a  kind  of  hay 
of  the  Andromeda  tetragona.  Thus  he  preserved  his  men  to 
execute  surveying  journeys  of  1000  miles  in  the  spring.  Later 
he  travelled  300  miles  on  snow-shoes.  In  a  spring  journey  over 
the  ice,  with  a  pound  of  fat  daily  for  fuel,  accompanied  by  two 
men  only,  and  trusting  solely  for  shelter  to  snow-houses,  which 
he  taught  his  men  to  build,  he  accomplished  1060  miles  in 
thirty-nine  days,  or  twenty-seven  miles  per  day,  including  stop- 
pages,— a  feat  never  equalled  in  Arctic  travelling.  In  the 
spring  journey,  and  that  which  followed  in  the  summer  in 
boats,  1700  miles  were  traversed  in  eighty  days.  Dr.  Rae's 
greatest  sufferings,  he  once  remarked  to  Sir  George  Back,  arose 
from  his  being  obliged  to  sleep  upon  his  frozen  mocassins  in 
order  to  thaw  them  for  the  morning's  use. 

PHENOMENA  OF  THE  ARCTIC  CLIMATE. 

Sir  John  Richardson,  in  his  history  of  his  Expedition  to 
these  regions,  describes  the  power  of  the  sun  in  a  cloudless  sky 
to  have  been  so  great,  that  he  was  glad  to  take  shelter  in  the 
water  while  the  crews  were  engaged  on  the  portages ;  and  he 
has  never  felt  the  direct  rays  of  the  sun  so  oppressive  as  on 
some  occasions  in  the  high  latitudes.    Sir  John  observes : 

The  rapid  evaporation  of  both  snow  and  ice  in  the  winter  and  spring, 
long  before  the  action  of  the  sun  has  produced  the  slightest  thaw  or 
appearance  of  moisture,  is  evident  by  many  facts  of  daily  occiu-rence. 
Thus  when  a  shirt,  after  being  washed,  is  exposed  in  the  open  air  to  a 
temperature  of  from  40°  to  50°  below  zero,  it  is  instantly  rigidly  frozen, 
and  may  be  broken  if  violently  bent.  If  agitated  when  in  this  condition 
by  a  strong  vdnd,  it  makes  a  rustling  noise  like  theatrical  thunder. 

In  consequence  of  the  extreme  dryness  of  the  atmosphere  in  winter, 
most  articles  of  EngUsh  manufacture  brought  to  Rupert's  Land  are 
shrivelled,  bent,  and  broken.  The  handles  of  razora  and  knives,  combs, 
ivory  scales,  &c.,  kept  in  the  warm  room,  are  changed  m  this  way.  The 
human  body  also  becomes  vividly  electric  from  the  dryness  of  the  skin. 
One  cold  night  I  rose  from  my  bed,  and  was  going  out  to  observe  the 
thermometer,  with  no  other  clothing  than  my  flannel  night-dress,  when 
on  my  hand  approaching  the  iron  latch  of  the  door,  a  distinct  spark 
was  elicited.  Friction  of  the  skin  at  almost  all  times  in  winter  pro- 
r'uced  the  electric  odour.  u* 

Even  at  midwinter  we  had  but  three  houi-s  and  a  half  of  dayhgbt. 
On  December  20th  I  required  a  candle  to  vrrite  at  the  window  at  ten  m 
the  morning.  The  sun  was  absent  ten  days,  and  its  place  in  the  heavens 
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at  noon  was  denoted  by  rays  of  light  shooting  into  ttie  sky  aboye'tie 
woods.  ,  * 

,.,  in  tlie  long  nights  was  a  most  beautiful  object,  that  satel- 

me  being  constantly  above  the  horizon  for  nearly  a  fortnight  together 
Venus  also  shone  with  a  brilliancy  which  is  never  witnessed  in  a  skv 
loaded  with  vapours ;  and,  unless  in  snowy  weather,  our  nights  were 
always  enlivened  by  the  beams  of  the  aurora. 

INTENSE  HEAT  AND  COLD  OF  THE  DESEET. 

Among  crystalline  bodies,  rock-crystal,  or  silica,  is  the  best 
conductor  of  heat.  This  fact  accounts  for  the  steadiness  of 
temperature  m  one  set  district,  and  the  extremes  of  Heat  and 
Cold  presented  by  day  and  night  on  such  sandy  wastes  as  the 
bahara.  The  sand,  which  is  for  the  most  part  silica,  drinks-in 
the  noon-day  heat,  and  loses  it  by  night  just  as  speedily. 

The  influence  of  the  hot  winds  from  the  Sahara  has  been 
wntrJ  i  1  nTf' traversing  the  Atlantic  at  a  distance  of  up- 
wards of  1100  geographical  miles  from  the  African  shores  by 
the  coating  of  impalpable  dust  upon  the  sails.  '  ^ 

TEANSPORTING  POWEE  OF  WINDS. 

Africa' S'l'^'^'P^'  ?  ^}^''  P°^'^'  ^<^nd.Jlood  of 

Atrica,  which,  moving  gradually  eastward,  has  overwhelmed 
all  the  land  capable  of  tillage  west  of  the  Nile,  unless  shel  ved 
ri^hX~;t:  obHterat^t 

EXHILAEATION  IN  ASCENDING  MOUNTAINS. 

At  all  elevations  of  from  6000  to  11,000  feet  and  not  imfr^ 
quen tly  for  even  2000  feet  more,  the  pedestS  eWs  a  £: 
surable  feehng,  imparted  by  the  consciousness  of  exi^nnp 
«milar  to  that  which  is  described  as  so7asc  thos^ 
who  have  become  familiar  with  the  desert-life  of  the  East  The 
body  seems  lighter,  the  nervous  power  greater  tbpT^r.'f-r  • 
ncreased;  and  fatigue,  though  fL  for  I  t  m  ',  s  r2ved\v 

J?nn  '-P"''-  have  described  the  sensa^ 

tion  by  the  impression  that  they  do  not  actmllv  rilco  +l 

S  0?  tW  t  'il^  ^^^^  -Id  b^t^tetl^^^^^^ 
the  sd.  of  the  foot  and  the  mountain  io^.~  Quarterly  Revkw, 

TO  TELL  THE  APPEOACH  OF  STORMS. 

The  proximity  of  Storms  has  been  ascertiinprl  wUi, 
by  various  indicatinnQ  nf  fi,^      ^  •   .'^^f^'^'^ained  with  accuracy 

Thus  Professor  Scott  of  Sandb,?  J  atmosphere, 
land  that  dr  nkinS^ses  nW^^^^^^^  ^^'"^^^"^  Shet- 

a  Shelf  in  a  cupbifW^^^^^^^^ 
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ocxasionaUy  emitted  sounds  as  if  they  were  Japped  with  a  knife, 
o^aised  a  little  and  then  let  fall  on  the  shelf.  These  sounds 
preceded  wind ;  and  when  they  occurred,  boats  and  vessels  were 
inTmediatlly  secured.  The  strength  of  the  sound  is  said  to  be 
proportioned  to  the  tempest  that  loUows. 

REVOLVING  STORMS. 

By  the  conjoint  labours  of  Mr.  Redfield,  Colonel  Reid,  and 
Mr  Piddington,  on  the  origin  and  nature  of  hurric^es,  ty- 
ihions  or  revolving  storms,  the  following  important  results 
Sve  been  obtained.^  Their  existence  in  moderate  latitudes  on 
Ksfdes  the  equator;  their  absence  in  the  imm^^^^^^^^^^ 
bourhood  of  the  equatorial  regions;  and  the  fact,  that  wnue 
in  the  northern  latitudes  these  storms  revolve  m  a.  direction 

f       to  th7  hands  of  a  watch  the  face  of  which  is  placed 

fact  is  demonstrated. 

IMPETUS  OF  A  STORM. 

r^T^f  ain  Sir  S  Brown  estimates,  from  experiments  made  by 
7t  -do,'  rZ?o^M;  t  be  e,ua,  to  !«, 

tons. 

HOW  TO  MAKE  A  STORM-GLASS. 

This  instrument  consists  of  a  ^jj^^'^^^^^^^^^^^ 
and  furnished  with  a  brass  cap     the  other  en^,  tn  g 

the  air  is  admitted  by  ^XL^iSor  2i  drams ;  nitrate 
tube  with  the  following  ^^^^^^^^ '^^ia  38  drains  ;  water,  9 
of  potash,  38  grams  ;  muriate  of  ammon  M  4 

drams  ;  rectified  ^«P"J^' .^.f^^t'^osp^^^^^^^  plumose  crystals  are 
ordinary  temperature  of  the  atm^^^  ^^^^^  crystals  ap- 

formed.  On  the  approach  ^^^f  ^^^^  7t\he  bottom  of  the  tube  ; 
pear  compressed  into  ^,«°^K\Tsume  tS^  character, 
while  during  fine  w^'^ther  ^^^^  ^^^^^^^  't  l^  These  results  de- 
and  extend  ^  *=°^^^^?,f,^,^^^th^^  not  considered 
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SPLENDOUR  OF  THE  AUROBA  BOREALIS. 

Humboldt  thus  beautifully  describes  this  phenomenon  : 
The  intensity  of  this  light  is  at  times  so  great,  that  Lowenom  ^on 
June  29,  1786)  recognised  its  coruscation  in  bright  sunshine.  Motion 
renders  the  phenomenon  more  visible.  Eound  the  point  in  the  vault  of 
heaven  which  corresponds  to  the  direction  of  the  inclination  of  the 
needle  the  beams  unite  together  to  form  the  so-called  corona,  the 
crown  of  the  Northern  Light,  which  encircles  the  summit  of  the  heavenly 
canopy  with  a  milder  radiance  and  unflickering  emanations  of  light. 
It  is  only  in  rare  instances  that  a  perfect  crown  or  circle  is  formed ;  but 
ou  its  completion,  the  phenomenon  has  invariably  reached  its  maximum, 
and  the  radiations  become  less  frequent,  shorter,  and  more  colourless. 
The  crown,  and  the  luminous  arches  break  up ;  and  the  whole  vault  of 
heaven  becomes  covered  with  iiTegularly  scattered,  broad,  faint,  almost 
ashy-gray,  luminous,  immovable  patches,  which  in  their  tura  disap- 
pear, leaving  nothing  but  a  trace  of  a  dark  smoke-like  segment  on  the 
horizon.  There  often  remains  nothing  of  the  whole  spectacle  but  a  white 
delicate  cloud  with  feathery  edges,  or  divided  at  equal  distances  into 
small  roundish  groups  Uke  cirro-cumuli  — Cosmos,  vol.  i. 

Among  many  theories  of  this  phenomenon  is  that  of  Lieu- 
tenant Hooper,  R.N.,  who  has  stated  to  the  British  Association 
that  he  believes  "  the  Aurora  Borealis  to  be  no  more  nor  less 
than  the  moisture  in  some  shape  (whether  dew  or  vapour,  liquid 
or  frozen),  illuminated  by  the  heavenly  bodies,  either  directly,  or 
reflecting  their  rays  from  the  frozen  masses  around  the  Pole, 
or  even  h'om  the  immediately  proximate  snow-clad  earth." 

VARIETIES  OF  LIGHTNING. 

According  to  Arago's  investigations,  the  evolution  of  Light- 
ning is  of  three  kinds  :  zigzag,  and  sharply  defined  at  the 
edges ;  in  sheets  of  light,  illuminating  a  whole  cloud,  which 
seems  to  open  and  reveal  the  light  within  it ;  and  in  the  form 
of  fire-balls.  The  duration  of  the  first  two  kinds  scarcely  con 
tinues  the  thousandth  part  of  a  second ;  but  the  globular  light 
ning  moves  much  more  slowly,  remaining  visible  for  several 
seconds. 

WHAT  IS  SHEET-LIGHTNING  ? 

This  electric  phenomenon  is  unaccompanied  by  thunder,  or 
too  distant  to  be  heard:  when  it  appears,  the  whole  sky,  but 
particularly  the  horizon,  is  suddenly  illuminated  with  a  flicker- 
ing flash.  Philosophers  diflfer  much  as  to  its  cause.  Mat- 
teucci  supposes  it  to  be  produced  either  during  evaporation,  or 
evolved  (according  to  Pouillet's  theory)  in  the  process  of  vege- 
tation ;  or  generated  by  chemical  action  in  the  great  laboratory 
of  nature,  the  earth,  and  accumulated  in  the  lower  strata  of  the 
air  in  consequence  of  the  ground  being  an  imperfect  conductor. 
Arago  and  Kamtz,  however,  consider  sheet-lightning  as  refiectioTis 
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of  distant  thunderstorms.  Saussure  observed  shoot-lightning  in  the  di- 
rection  of  Geneva,  from  the  Hospice  du  Grimsol,  on  tho  10th  and  11th 
of  July  1783  ;  while  at  the  same  time  a  terrific  thunderstorm  raged  at 
Geneva.  Howard,  from  Tottenham,  near  London,  on  July  31,  1813 
saw  sheet-lightning  towards  tho  south-east,  while  the  sky  was  bespan- 
gled with  stars,  not  a  cloud  floating  in  the  air ;  at  the  same  time  a  thun- 
derstorm raged  at  Hastings,  and  in  France  from  Calais  to  Dunkirk. 
Arago  supports  his  opinion,  that  the  phenomenon  is  reflected  lightning, 
by  the  following  illustration  :  In  1803,  when  observations  were  being 
made  for  determining  the  longitude,  M.  de  Zach,  on  the  Brocken,  used 
a  few  ounces  of  gunpowder  as  a  signal,  the  flash  of  which  was  visible 
from  the  Klenlenberg,  sixty  leagues  ofif,  although  these  mountains  are 
invisible  from  each  other. 


PEODUCTION  OF  LIGHTNING  BY  KAIN. 

A  sudden  gust  of  rain  is  almost  sure  to  succeed  a  violent 
detonation  immediately  overhead.  Mr.  Birt,  the  meteorologist, 
asks  :  Is  this  rain  a  cause  or  consequence  of  the  electric  discharge  ? 
To  this  he  replies  : 

In  the  sudden  agglomeration  of  many  minute  and  feebly  electrified 
globules  into  one  rain-drop,  the  quantity  of  electricity  is  increased  in  a 
greater  proportion  than  the  surface  over  which  (according  to  the  laws  of 
electric  distribution)  it  is  spread.  By  tension,  therefore,  it  is  increased, 
and  may  attain  the  point  when  it  is  capable  of  separating  from  the  drop 
to  seek  the  surface  of  the  cloud,  or  of  the  newly-formed  descending  body 
of  rain,  which,  under  such  circimistances,  may  be  regarded  as  a  conduct- 
ing medium.  Arrived  at  this  surface,  the  tension,  for  the  same  reason, 
becomes  enormous,  and  a  flash  escapes.  This  theory  Mr.  Birt  has  con- 
firmed by  observation  of  rain  in  thunderstorms. 

SEEVICE  OF  LIGHTNING-CONDUCTORS. 

Sir  David  Brewster  relates  a  remarkable  instance  of  a  tree 
in  Clandeboye  Park,  in  a  thick  mass  of  wood,  and  not  the  tallest 
of  the  group,  being  struck  by  lightning,  which  passed  down  the 
trunk  into  the  ground,  rending  the  tree  asunder.  This  shows 
that  an  object  may  be  struck  by  lightning  in  a  locality  where 
there  are  numerous  conducting  points  more  elevated  than 
itself ;  and  at  the  same  time  proves  that  lightning  cannot  be 
diverted  from  its  course  by  lofty  isolated  conductors,  but  that 
the  protection  of  buildings  from  this  species  of  meteor  can  only 
be  effected  by  conductors  stretching  out  in  all  directions. 

Professor  Silliman  states,  that  lightning-rods  cannot  be  re- 
lied upon  unless  they  reach  the  earth  where  it  is  permanently 
v.-et ;  and  that  the  best  security  is  afforded  by  carrying  the  rod, 
or  some  good  metallic  conductor  duly  connected  with  it,  to  the 
water  in  the  well,  or  to  some  other  water  that  never  fails.  The 
professor's  house,  it  seems,  was  struck ;  but  his  lightning-rods 
were  not  more  than  two  or  three  inches  in  the  ground,  and  were 
therefore  virtually  of  no  avail  in  protecting  the  building. 


Curiosities  of  Science. 


167 


ANCIENT  LIGHTNING-CONDUCTOE. 

Humboldt  infonns  us,  that  "  the  most  important  ancient 
notice  of  the  relations  between  lightning  and  conducting  metals 
is  that  of  Ctesias,  in  his  Indica,  cap.  iv.  p  190.  He  possessed 
two  iron  swords,  presents  from  the  king  Artaxerxes  Mnemon 
and  from  his  mother  Parasytis,  which,  when  planted  in  the 
earth,  averted  clouds,  hail,  and  strokes  of  lightning.  He  had 
himself  seen  the  operation,  for  the  king  had  twice  made  the 
experiment  before  his  eyes."— Cosmo*,  vol.  ii. 

THE  TEMPLE  OF  JERUSALEM  PEOTECTED  FROM  LIGHTNING. 

^®  ^^^^^^  ^^^^       ^ible  or  Josephus,  that 

tne  iemple  at  Jerusalem  was  ever  struck  by  Lightning  during 
an  interval  of  more  than  a  thousand  years,  from  the  time  of 
bolomon  to  the  year  70 ;  although,  from  its  situation,  it  was 
completely  exposed  to  the  violent  thunderstorms  of  Palestine 

^y  a  fortuitous  circumstance,  the  Temple  was  crowned  with 
lightning-conductors  similar  to  those  which  we  now  emplov 
and  which  we  owe  to  Franklin's  discovery.  The  roof,  con- 
structed in  what  we  caU  the  Italian  manner,  and  covered  with 
boards  of  cedar  having  a  thick  coating  of  gold,  was  garnished 
from  end  to  end  vnih  long  pointed  and  gilt  iron  or  steel  lances, 
wnich,  J  osephus  says,  were  intended  to  prevent  birds  from  roost- 
ing on  the  roof  and  soiling  it.  The  walls  were  overlaid  throueh- 
out  with  wood,  thicdy  gUt.  Lastly,  there  were  in  the  courts 
of  the  Temple  cisterns,  into  which  the  rain  fi-om  the  roof  was 
conducted  by  metallic  pipes.  We  have  here  both  the  lightning- 
rods  and  a  means  of  conduction  so  abundant,  that  Lichtenberg 

are^fer  Sf^  S^'"^'''^        -^"^^  P^^^^^*  apparatusef 

TJ^   ?  1^  their  construction  so  satisfactory  a 

h^^^Elsays!  Aragats  MeteL- 

HOW  ST.  PAUL'S  CATHEDRAL  IS  PROTECTED  FROM  LIGHTNING. 

aJ""!^^?}.  1769,  the  Dean  and  Chapter  of  St.  Paul's  ad- 
dressed a  letter  to  the  Royal  Society,  requesting  tLir  ooinLn 
as  to  the  best  and  most  effectual  method  of  hW  elSS 
conductors  on  the  cathedral.  A  committee  was  formed  for  the 
purpose,  and  Benjamin  Franklin  was  one  of  the  mSrs  Leir 
report  was  made,  and  the  conductors  were  fixed  as  foUows 
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communication  is  continued  by  the  rain-wator  pipes  to  the  lead-covered 
roof,  and  thence  by  lead  water-pipes  which  pass  into  the  earth  ;  thus 
completing  the  entire  communication  from  the  cross  to  the  ground, 
partly  through  iron,  and  partly  through  lead.  On  the  clock-tower  a 
bar  of  iron  connects  the  pine-apple  at  the  top  with  the  iron  staircase, 
and  thence  with  the  lead  on  the  roof  of  the  church.  The  bell-tower  is 
similarly  protected.  By  these  means  the  metal  used  in  the  buildmg  is 
made  available  as  conductors ;  the  metal  employed  merely  for  that  pur- 
pose being  exceedingly  small  in  quantity.— Cwnosiiie*  cf  London. 


VARIOUS  EFFECTS  OF  LIGHTNING. 

Dr.  Hibbert  tells  us  that  upon  the  western  coast  of  Scot- 
land and  Ireland,  Lightning  cooperates  with  the  violence  of 
the  storm  in  shattering  solid  rocks,  and  heaping  them  in  piles 
of  enormous  fragments,  both  on  dry  land  and  beneath  the 
water.  .  , 

Euler  informs  us,  in  his  Letters  to  a  Gemian  Princess,  thai 
ho  corresponded  with  a  Moravian  priest  named  Divisch,  who 
assured  him  that  he  had  averted  during  a  whole  summer  ever? 
thunderstorm  which  threatened  his  own  habitation  and  the 
neighbourhood,  by  means  of  a  machine  constructed  upon  the 
principles  of  electricity  ;  that  the  machinery  sensibly  attracted 
the  clouds,  and  constrained  them  to  descend  quietly  m  a  dis- 
tillation, without  any  but  a  very  distant  thunderclap.  Euler 
assures  us  that  *'  the  fact  is  undoubted,  and  confirmed  by  irre- 
sistible proof."  ^1.  ,  •    -c  i. 

About  the  year  1811,  in  the  village  of  Philhpsthal,  m  East- 
ern Prussia,  an  attempt  was  made  to  split  an  immense  stone 
into  a  multitude  of  pieces  by  means  of  lightning.  A  bar  ol 
iron,  in  the  form  of  a  conductor,  was  previously  fixed  to  the 
stone :  and  the  experiment  was  attended  with  complete  success ; 
for  during  the  very  first  thunderstorm  the  hghtmng  burst  the 
stone  without  displacing  it.  . v  x  v  -uj-^jv.^ 

The  celebrated  Duhamel  du  Monceau  says,  that  hghtning, 
unaccompanied  by  thunder,  wind,  or  rain,  has  the  property  of 
breaking  oat-stalks.  The  farmers  are  acquainted  with  tms 
/fi-eot,  and  say  that  the  lightning  breaks  down  the  oats.  Ihis 
is  a  Wl-received  opinion  with  the  farmers  in  Devonshire. 

Lightning  has  in  some  cases  the  property  of  reducing  solid 
bodies  to  ashes,  or  to  pulverisation,-eveii  the  t^"^^"  l^o^y?-; 
without  there  being  aiiy  signs  of  heat.  The  eflfects  of  lightn^^^^^^ 
on  paralysis  are  very  remarkable,  in  some  cases  curing,  m  othci-s 

^'"S'  re't^rniTs^roke  of  lightning  is  well  known  to  be  due 
to  the  restoi-atioifof  the  natural  electric  state,  after  it  has  been 
disturbed  by  inductiou. 
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I 

I  A  THUKDERSTORM  SEEN  FROM  A  BALLOON. 

Mr.  John  West,  the  American  aeronaut,  in  his  ohseiTations 
jmade  during  his  numerous  ascents,  describes  a  storm  viewed 
Ifrom  above  the  clouds  to  have  the  appearance  of  ebullition 
'  The  bulging  upper  surface  of  the  cloud  resembles  a  vast  sea  of 
I  boiling  and  upheaving  snow ;  the  noise  of  the  falling  rain  is 
:  like  that  of  a  waterfall  over  a  precipice ;  the  thunder  above 
the  cloud  is  not  loud,  and  the  flashes  of  lightning  appear  like 
i  streaks  of  intensely  white  fire  on  a  surface  of  white  vapour- 
He  thus  describes  a  side  view  of  a  storm  which  he  witnessed 
June  3, 1852,  in  his  balloon  excursion  from  Portsmouth,  Ohio  : 

Although  the  sun  was  shining  on  me,  the  rain  and  small  hail  were 
rattling  on  the  balloon.  A  rainbow,  or  prismatically-coloured  arch  or 
horse-shoe,  was  reflected  against  the  sun  ;  and  as  the  point  of  observa- 
tion changed  laterally  and  perpendicularly,  the  perspective  of  this  golden 
grotto  changed  its  hues  and  fonns.  Above  and  behind  this  arch  was 
going  on  the  most  terrific  thunder ;  but  no  zigzag  lightning  was  per- 
ceptible, only  bright  flashes,  like  explosions  of  "  Roman  candles"  in 
fireworks.  Occasionally  there  was  a  zigzag  explosion  in  the  cloud  im- 
mediately below,  the  thunder  sounding  like  a  feu-de-joie  of  a  rifle-corps. 
Then  an  orange -coloured  wave  of  light  seemed  to  fall  from  the  upper  to 
the  lower  cloud;  this  was  "still-lightning."  Meanwhile  intense  elec- 
trical action  was  going  on  in  the  balloon,  such  as  expansion,  tremulous 

)  tension,  lifting  papers  ten  feet  out  of  the  car  below  the  balloon  and 
then  dropping  them,  &c.    The  close  view  of  this  Ohio  storm  was  truly 

'  sublime  ;  its  rushing  noise  almost  appalling. 

Ascending  from  the  earth  with  a  balloon,  in  the  rear  of  a 
storm,  and  mounted  up  a  thousand  feet  above  it,  the  balloon 
wiU  soon  override  the  storm,  and  may  descend  in  advance  of 
it.    Mr.  West  has  experienced  this  several  times. 

I REMARKABLE  AERONAUTIC  VOYAGE. 
Mr.  Sadler,  the  celebrated  aeronaut,  ascended  on  one  occa- 
!  eion  in  a  balloon  from  Dublin,  and  was  wafted  across  the  Irish 
I  Channel ;  when,  on  his  approach  to  the  Welsh  coast,  the  balloon 
descended  nearly  to  the  surface  of  the  sea.    By  this  time  the 
6un  was  set,  and  the  shades  of  evening  began  to  close  in.  He 
threw  out  nearly  all  his  ballast,  and  suddenly  sprang  upward 
I  to  a  great  height ;  and  by  so  doing  brought  his  horizon  to  dip 
below  the  sun,  producing  the  whole  phenomenon  of  a  weeterr. 
sunrise.    Subsequently  descending  in  Wales,  he  of  course 
3  witnessed  a  second  sunset  on  the  same  evening. — Sir  John 
!'J3ersckel's  Outlines  of  Astronomy/. 
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CLIMATES  OF  THE  SEA. 

The  fauna  and  flora  of  the  Sea  are  as  much  the  creatures 
of  Climate,  and  are  as  dependent  for  their  well-being  upon 
temperature,  as  are  the  fauna  and  flora  of  the  dry  land  Were 
It  not  so,  we  should  find  the  fish  and  the  algse,  the  marine 
insect  and  the  coral,  distributed  equally  and  alike  in  aU  parts 
of  the  ocean ;  the  polar  whale  would  delight  in  the  torrid 
zone  ;  and  the  habitat  of  the  pearl  oyster  would  be  also  under 
the  iceberg,  or  in  frigid  waters  colder  than  the  melting  ice. 

THE  CIECULATION  OF  THE  SEA. 

The^  coral  islands,  reefs,  and  beds  with  which  the  Pacific 
Ocean  is  studded  and  garnished,  were  built  up  of  materials 
which  a  certain  kind  of  insect  quarried  from  the  sea-water. 
The  currents  of  the  sea  ministered  to  this  little  insect ;  they 
were  its  hod- carriers.  When  fresh  supplies  of  solid  matter 
were  wanted  for  the  coral  rock  upon  which  the  foundations  of 
the  Polynesian  Islands  were  laid,  these  hod-carriers  brought 
them  in  unfailing  streams  of  sea-water,  loaded  with  food  and 
building -matei-ials  for  the  coralline:  the  obedient  currents 
thread  the  widest  and  the  deepest  sea.  Now  we  know  that 
its  adaptations  are  siiited  to  all  the  wants  of  every  one  of  its 
inhabitsntf?,— to  the  wants  of  the  coral  insect  as  well  as  those 
of  the  whale.  Hence  we  know  that  the  sea  has  ic3  cystem  of 
circulation  :  for  it  transports  materials  for  the  coral  rock  from 
one  part  of  the  world  to  another ;  its  currents  receive  them 
from  rivers,  and  hand  them  over  to  the  little  mason  for  the 
structure  of  the  most  stupendous  works  of  solid  masonry  that 
man  has  ever  seen — the  coral  islands  of  the  sea. 

TEMPEEATUEE  OF  THE  SEA. 

Between  the  hottest  hour  of  the  day  and  the  coldest  hour 
of  the  night  there  is  frequently  a  change  of  four  degrees  in 
the  Temperature  of  the  Sea.  Taking  one-fifth  of  the  Atlantic 
Ocean  for  the  scene  of  operation,  and  the  difi"erence  of  four 

•  The  author  is  largely  indebted  for  the  illustrations  in  this  new  field  of 
research  to  Lieutenant  Maury's  valuable  work,  The  Physical  Geography  of  the  Sea. 
Sixth  edition.    Harper,  New  York ;  Low,  Sou,  and  Co.,  London. 
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degrees  to  extend  only  ten  feet  below  the  surface,  the  total  and 
absolute  change  made  in  such  a  mass  of  sea-water,  by  altering 
its  temperature  two  degrees,  is  equivalent  to  a  change  in  its 
volume  of  390,000,000  cubic  feet. 

TEANSPAEENCY  OF  THE  OCEAN. 

Captain  Glynn,  U.S.lSr.,  has  made  some  interesting  obser- 
vations, ranging  over  200°  of  latitude,  in  diflferent  oceans,  in 
very  high  latitudes,  and  near  the  equator.  His  apparatus  was 
simple :  a  common  white  dinner-plate,  slung  so  as  to  lie  in 
:he  water  horizontally,  and  sunk  by  an  iron  pot  with  a  line, 
lifumbering  the  fathoms  at  which  the  plate  was  visible  below 
;he  surface.  Captain  Glynn  saw  it  on  two  occasions,  at  the 
naximum,  twenty-five  fathoms  (150  feet)  deep ;  the  water  was 
■jxtraordinarily  clear,  and  to  lie  in  the  boat  and  look  down  was 
ike  looking  down  from  the  mast-head ;  and  the  objects  were 
dearly  defined  to  a  great  depth. 

THE  BASIN  OF  THE  ATLANTIC. 

In  its  entire  length,  the  basin  of  this  sea  is  a  long  trough 
leparating  the  Old  World  from  the  New,  and  extending  pro- 
ftably  from  pole  to  pole. 

This  ocean-furrow  was  scored  into  the  solid  crust  of  our 
ilanet  by  the  Almighty  hand,  that  there  the  waters  which 
he  called  seas"  might  be  gathered  together  so  as  to  "  let  the 
hy  land  appear,"  and  fit  the  earth  for  the  habitation  of  man. 
•  °T  *j  of  Chimborazo  to  the  bottom  of  the  Atlan- 
ic,  at  the  deepest  place  yet  recognised  by  the  plummet  in  the 
>  orth  Atlantic,  the  distance  in  a  vertical  line  is  nine  miles 

Could  the  waters  of  the  Atlantic  be  drawn  off,  so  as  to 
xpose  to  view  this  great  sea-gash,  which  separates  continents 
ud  extends  from  the  Arctic  to  the  Antarctic,  it  would  present 
scene  the  most  grand,  rugged,  and  imposing.  The  very  ribs 
t  the  solid  earth,  with  the  foundations  of  the  sea,  woiUd  be 
'l  ought  to  light ;  and  we  should  have  presented  to  us  at  one 
lew  in  the  empty  cradle  of  the  ocean,  *'a  thousand  fearful 
aecks,  with  that  dreadful  array  of  dead  men's  skuUs.  ereat 
nchors  heaps  of  pearls  and  inestimable  stones,  which,  in  the 
reamers  eye  he  scattered  on  the  bottom  of  the  sea,  making 
^  hideous  with  sights  of  ugly  death.  ^ 

GALES  OF  THE  ATLANTIC. 

Lieutenant  Maury  has,  in  a  series  of  charts  of  the  North 
nd  South  At  antic,  exhibited,  by  means  of  colours  the  pVe 

'iTZ:lKitL'''''\''''^'^^^^^  oftheocea^.s'^^ar 
ich  month  m  the  year.  One  colour  shows  the  region  in  which 
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there  is  a  gale  every  six  days ;  another  colour  every  six  to  ten 
days ;  another  every  ten  to  fourteen  days  :  and  there  is  a  sepa- 
rate chart  for  each  mouth  and  each  ocean. 

SOLITUDE  AT  SEA. 

Between  Humboldt's  Current  of  Peru  and  the  great  equa- 
torial flow,  there  is  "  a  desolate  region,"  rarely  visited  by  the 
whale,  either  sperm  or  right.  Formerly  this  part  of  the  ocean 
was  seldom  whitened  by  the  sails  of  a  ship,  or  enlivened  by  the 
presence  of  man.  Neither  the  industrial  pursuits  of  the  sea 
nor  the  highways  of  commerce  called  him  into  it.  Now  and 
then  a  roving  cruiser  or  an  enterprising  whalesman  passed  that 
way ;  but  to  all  else  it  was  an  unfrequented  part  of  the  ocean, 
and  so  remained  until  the  gold-fields  of  Australia  and  the 
guano  islands  of  Peru  made  it  a  thoroughfare.  All  vessels 
bound  from  Australia  to  South  America  now  pass  through  it ; 
and  in  the  journals  of  some  of  them  it  is  described  as  a  region 
almost  void  of  the  signs  of  life  in  both  sea  and  air.  In  the 
South- Pacific  Ocean  especially,  where  there  is  such  a  wide  ex- 
panse of  water,  sea-birds  often  exhibit  a  companionship  with 
a  vessel,  and  will  follow  and  keep  company  with  it  through 
storm  and  calm  for  weeks  together.  Even  the  albatross  and 
Cape  pigeon,  that  delight  in  the  stormy  regions  of  Cape  Horn 
and  the  inhospitable  climates  of  the  Antarctic  regions,  not  un- 
frequently  accompany  vessels  into  the  perpetual  summer  of  the 
tropics.  The  sea-birds  that  join  the  ship  as  she  clears  Aus- 
tralia will,  it  is  said,  follow  her  to  this  region,  and  then  dis- 
appear. Even  the  chirp  of  the  stormy  petrel  ceases  to  be  heard 
here,  and  the  sea  itself  is  said  to  be  singularly  barren  of  "  mov- 
ing creatures  that  have  life." 

BOTTLES  AND  CUERENTS  AT  SEA. 

Seafaring  people  often  throw  a  bottle  overboard,  with  a 
paper  stating  the  time  and  place  at  which  it  is  done.  In  the 
absence  of  other  information  as  to  Currents,  that  afforded  by 
these  mute  little  navigators  is  of  great  value.  They  leave  no 
track  behind  them,  it  is  true,  and  their  routes  cannot  be  ascer- 
tained; but  knowing  where  they  are  cast,  and  seeing  where 
they  are  found,  some  idea  may  be  formed  as  to  their  course. 
Straight  lines  may  at  least  be  drawn,  showing  the  shortest  dis- 
tance from  the  beginning  to  the  end  of  their  voyage,  with  the 
time  elapsed.  Admiral  Beechey  has  prepared  a  chart,  repre- 
senting, in  this  way,  the  tracks  of  more  than  100  bottles. 
From  this  it  appears  that  the  waters  from  every  quarter  of  the 
Atlantic  tend  towards  the  Gulf  of  Mexico  and  its  str^m.  Bot- 
tles cast  into  the  sea  midway  between  the  Old  and  the  New 
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Worlds,  near  the  coasts  of  Europe,  Africa,  and  America  at  the 
extreme  north  or  farthest  south,  have  been  found  either  m  the 
West  Indies,  or  the  British  Isles,  or  within  the  weU-known 
range  of  Gulf-Stream  waters. 

"  THE  HORSE  LATITUDES" 

-  are  the  belts  of  calms  and  light  airs  which  border  the  polar 
o  edge  of  the  north-east  trade-winds.  They  are  so  called  from 
the  circumstance  that  vessels  formerly  bound  from  New  Eng- 
land to  the  West  Indies,  with  a  deck-load  of  horses,  were  often 
so  delayed  in  this  calm  belt  of  Cancer,  that,  from  the  want  of 
water  for  their  animals,  they  were  compelled  to  throw  a  portion 
of  them  overboard. 

"  WHITE  water"  and  LUMINOUS  ANIMALS  AT  SEA. 

Captain  Kingman,  of  the  American  clipper-ship  Shooting 
Star,  in  lat.  8°  46'  S.,  long.  105°  30'  E.,  describes  a  patch  of 
white  water,  about  twenty-three  miles  in  length,  making  the 
whole  ocean  appear  like  a  plain  covered  with  snow.  He  filled 
a  60-gallon  tub  with  the  water,  and  found  it  to  contain  small 
luminous  particles  seeming  to  be  alive  with  worms  and  in- 
sects, resembling  a  grand  display  of  rockets  and  serpents  seen 
at  a  great  distance  in  a  dark  night ;  some  of  the  serpents  ap- 
pearing to  be  six  inches  in  length,  and  very  luminous.  On 
being  taken  up,  they  emitted  light  until  brought  within  a  few 
feet  of  a  lamp,  when  nothing  was  visible ;  but  by  aid  of  a  sex- 
tant's magnifier  they  could  be  plainly  seen — a  jelly-like  sub- 
stance, without  colour.  A  specimen  two  inches  long  was  visi- 
ble to  the  naked  eye ;  it  was  about  the  size  of  a  large  hair,  and 
tapered  at  the  ends.  By  bringing  one  end  within  about  one- 
fourth  of  an  inch  of  a-  lighted  lamp,  the  flame  was  attracted 
towards  it,  and  burned  with  a  red  light ;  the  substance  crisped 
in  burning,  something  like  hair,  or  appeared  of  a  red  heat 
before  being  consumed.  In  a  glass  of  the  water  there  were 
several  small  round  substances  (say  ^th  of  an  inch  in  diameter) 
which  had  the  power  of  expanding  and  contracting;  when  ex- 
panded, the  outer  rim  appeared  like  a  circular  saw,  the  teeth 
turned  inward. 

The  scene  from  the  clipper's  deck  was  one  of  awful  gran- 
deur :  the  sea  having  turned  to  phosphorus,  and  the  heavens 
being  hung  in  blackness,  and  the  stars  going  out,  seemed  to 
indicate  that  all  nature  was  preparing  for  that  last  grand  con- 
flagration which  we  are  taught  to  believe  will  annihilate  this 
material  world. 

INVENTION  OF  THE  LOG. 

Long  before  the  introduction  of  the  Log,  hour-glassea  were 
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used  to  tell  the  distance  in  sailing.  Columbus  Jum  A.  u 
Cosa  Sebastian  Cabot,  and  Vasco  deWarrrrno^icquafnted 
with  the  Log  and  its  mode  of  application  and  they  estimatS 
the  ship's  speed  merely  by  the  eye,  while  thevCnrf  fK- 
tance  they  had  made  by  the  mnJingTwn  of  the  Ln^fn  th^ 
ampotellas,  or  hour-glasses.  The  Lol  for  the  measurement  nf 
the  distance  traversed  is  stated  by  wrfter  on  nSLn  no  to 
n,W  cT^  f  T,'^^  ^i^teenth  or  the  begin- 

/til  edition,  1842).    The  precise  date  is  not  known  •  but  it  i« 

V^^Tlnt'  the  companion  of  MageUan?  speakj,  in 

1521,  of  the  Log  as  a  well-known  means  of  finding  the  course 

sh^s  in^lSy.^"'"''''  P^''''  ^^-S^ 

LIFE  OF  THE  SEA-DEEPS. 

of  fhJ!.iT''l?i*'^'\'  ^^^^  F^'  0^  *he  four  elements 

of  the  old  philosophers,-fire,  earth,  air,  and  water, -perhaps 
the  sea  most  of  aU  abounds  with  Hving  creatures.  The  sSe 
occupied  on  the  surface  of  our  planet  by  the  diflferent  faSs 
ot  animals  and  their  remams  is  inversely  as  the  size  of  the  indi- 
Jifcll  ^"^^llftlie  animal,  generally  speaking,  the  greater 
the  space  occupied  by  his  remains.  Take  the  elephant  and  his 
remains  and  a  microscopic  animal  and  his,  and  compare  them  • 
the  contrast  as  to  space  occupied  is  as  striking  as  that  of  the 
coral  reel  or  island  with  the  dimensions  of  the  whale  The 
graveyard  that  would  hold  the  coralHnes,  is  larger  than  the 
graveyard  that  would  hold  the  elephants. 

DEPTHS  OF  OCEAN  AND  AIR  UNKNOWN. 

At  some  few  places  under  the  tropics,  no  bottom  has  been 
found  with  soundings  of  26,000  feet,  or  more  than  four  miles; 
whilst  m  the  air,  if,  according  to  WoUaston,  we  may  assume 
that  it  has  a  limit  from  which  waves  of  sound  may  be  rever- 
berated, the  phenomenon  of  twilight  would  incline  us  to  assume 
a  height  at  least  nine  times  as  great.  The  aerial  ocean  rests 
partly  on  the  solid  earth,  whose  mountain-chains  and  elevated 
plateaus  rise  like  green  wooded  shoals,  and  partly  on  the  sea, 
whose  surface  forms  a  moving  base,  on  which  rest  the  lower, 
denser,  and  more  saturated  strata  of  nix.— Humboldt's  Cosmos, 
vol.  i. 

The  old  Alexandrian  mathematicians,  on  the  testimony  of 
Plutarch,  believed  the  depth  of  the  sea  to  depend  on  the  height 
of  the  mountains.  Mr.  W.  Darling  has  propounded  to  the 
British  Association  the  theory,  that  as  the  sea  covers  three 
times  the  area  of  the  land,  so  it  is  reasonable  to  suppose  that 
the  depth  of  the  ocean,  and  that  for  a  large  portion,  is  three 
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times  as  great  as  the  height  of  the  highest  mountain.  Recent 
soundings  show  depths  in  the  sea  much  greater  than  any  ele- 
vations on  the  surface  of  the  earth  ;  for  a  line  has  been  veered 
to  the  extent  of  seven  miles. — Dr.  Scoresby. 

GEEATEST  ASCERTAINED  DEPTH  OF  THE  SEA. 

In  the  dynamical  theory  of  the  tides,  the  ratio  of  the  effects 
of  the  sun  and  moon  depends,  not  only  on  the  masses,  dis- 
tances, and  periodic  times  of  the  two  luminaries,  but  also  on 
the  Depth  of  the  Sea ;  and  this,  accordingly,  may  be  computed 
when  the  other  quantities  are  known.  In  this  manner  Pro- 
fessor Haughton  has  deduced,  from  the  solar  and  lunar  co- 
eflacients  of  the  diurnal  tide,  a  mean  depth  of  5-12  miles;  a 
result  which  accords  in  a  remarkable  manner  with  that  inferred 
from  the  ratio  of  the  semi-diurnal  co-efficients  as  obtained  by 
Laplace  from  the  Brest  observations.  Professor  Hennessey 
states,  that  from  what  is  now  known  regarding  the  depth  of  the 
ocean,  the  continents  would  appear  as  plateaus  elevated  above 
the  oceanic  depressions  to  an  amount  which,  although  small 
compared  to  the  earth's  radius,  would  be  considerable  when 
compared  to  its  outswelling  at  the  equator  and  its  flattening 
towards  the  poles;  and  the  surface  thus  presented  would  be 
the  true  surface  of  the  earth. 

The  greatest  depths  at  which  the  bottom  of  the  sea  has  been 
reached  with  the  plummet  are  in  the  North-Atlantic  Ocean ; 
and  the  places  where  it  has  been  fathomed  (by  the  United- 
States  deep-sea  sounding  apparatus)  do  not  show  it  to  be 
deeper  than  25,000  feet  =  4  miles,  1293  yards,  1  foot.  The 
deep^t  place  in  this  ocean  is  probably  between  the  parallels 
of  35  and  40°  north  latitude,  and  immediately  to  the  south- 
ward of  the  Grand  Banks  of  Newfoundland. 

It  appears  that,  with  one  exception,  the  bottom  of  the  North- At- 
lantic Ocean,  as  far  as  examined,  from  the  depth  of  about  sixty  fathoms 
to  that  of  more  than  two  mUes  (2000  fathoms),  is  Uterally  nothing  but 
a  mass  of  microscopic  shells.  Not  one  of  the  animalcules  from  these 
sheUs  has  been  found  living  in  the  smface- waters,  nor  in  shallow  water 
along  the  shore  Hence  arises  the  question.  Do  they  live  on  the  bottom, 
at  the  immense  depths  where  the  shells  are  found  :  or  are  they  borne  bv 
submarine  cm-rents  from  theu-  real  habitat  ?  ^ 

RELATIVE  LEVELS  OF  THE  RED  SEA  AND  MEDITERRANEAN. 

The  French  engineers,  at  the  beginning  of  the  present  cen- 
tuiy,  came  to  the  conclusion  that  the  Red  Sea  was  about  thirty 
p1  .  T  Mediterranean  :  but  the  observations  of  Mr. 
Kobert  Stephenson,  the  English  engineer,  at  Suez  ;  of  M.  Ne- 
l.gretti,  the  Austrian,  at  Tiueh,  near  the  ancient  Pelusium  ;  and 
the  levelhngs  of  Messrs.  Talabat,  Bourdaloue,  and  their  assist- 
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ants  between  the  two  seas  ; — have  proved  that  the  low-water 
mark  of  ordinary  tides  at  Suez  and  Tineh  is  very  nearly  on  the 
same  levels,  the  difference  being  that  at  Suez  it  is  rather  more 
than  one  inch  lower. — Leonard  Horner;  Proceedings  of  the  Royal 
Society,  1855. 

THE  DEPTH  OF  THE  MEDITERRANEAN. 

Soundings  made  in  the  Mediterranean  suffice  to  indicate 
depths  equal  to  the  average  height  of  the  mountains  girding 
round  this  great  basin  ;  and,  if  one  particular  experiment  may 
be  credited,  reaching  even  to  15,000  feet— an  equivalent  to  the 
elevation  of  the  highest  Alps.  This  sounding  was  made  about 
ninety  miles  east  of  JJalta.  Between  Cyprus  and  Egypt,  6000 
feet  of  line  had  been  let  down  without  reaching  the  bottom. 
Other  deep  soundings  have  been  made  in  other  places  with 
similar  results.  In  the  lines  of  sea  between  Egypt  and  the 
Archipelago,  it  is  stated  that  one  sounding  made  by  the  Tar- 
tarus between  Alexandria  and  Rhodes  reached  bottom  at  the 
depth  of  9900  feet ;  another,  between  Alexandria  and  Candia, 
gave  a  depth  of  300  feet  beyond  this.  These  single  soundings, 
indeed,  whether  of  ocean  or  sea,  are  always  open  to  the  cer- 
tainty that  greater  as  well  as  lesser  depths  must  exist,  to  which 
no  line  has  ever  been  sunk  ;  a  case  coming  under  that  general 
law  of  probabilities  so  largely  applicable  in  every  part  of  physics. 
In  the  Mediterranean  especially,  which  has  so  many  aspects  of 
a  sunken  basin,  there  may  be  abysses  of  depth  here  and  there 
which  no  plummet  is  ever  destined  to  xQ^ich..— Edinburgh  Re- 
view. 

COLOUR  OF  THE  RED  SEA. 

M.  Ehrenberg,  while  navigating  the  Red  Sea,  observed  that 
the  red  colour  of  its  waters  was  owing  to  enormous  quantities 
of  a  new  animal,  which  has  received  the  name  of  oscillatoria 
Tuhescens,  and  which  seems  to  be  the  same  with  what  Haller 
Las  described  as  a  'purfle  conferva  swimming  m  water  ;  yet  Dr. 
Bonar,  in  his  work  entitled  The  Desert  of  Sinai,  records  : 

Blue  I  have  called  the  sea  ;  yet  not  strictly  so,  save  m  the  far  dis- 
tance It  is  neither  a  red  nor  a  blue  sea,  but  emphaticaUy  green,— yes, 
ereen,  of  the  most  brilliant  kind  I  ever  saw.  This  is  produced  by  the 
immense  tracts  of  shallow  water,  with  yellow  sand  beneath,  which  always 
S  this  green  to  the  sea,  even  in  the  absence  of  verdure  on  the  shore 
fr  sea-weeds  beneath.  The  blue  of  the  sky  and  the  yellov,  of  the  sanda 
meeting  and  intermingling  in  the  water,  form  the  green  of  the  sea  the 
witer  being  the  medium  in  which  the  mixing  or  fusing  of  the  colour! 
takes  place. 

WHAT  IS  SEA-MILK  ? 

The  phenomena  with  this  name  and  that  of  "  Squid"  are 
occajxoued  by  the  presence  of  phosphorescent  animalcules.  1  hey 
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are  especially  produced  in  the  intertropical  seas,  and  they  ap- 
pear to  be  chiefly  abundant  in  the  Gulf  of  Guinea  and  in  the 
Arabian  Gulf.  In  the  latter,  the  phenomenon  was  known  to 
the  ancients  more  than  a  century  before  the  Christian  era,  as 
may  be  seen  from  a  curious  passage  from  the  geography  of  Aga- 
tharcides  :  "  Along  this  country  (the  coast  of  Arabia)  the  sea 
has  a  white  aspect  like  a  river  :  the  cause  of  this  phenomenon 
is  a  subject  of  astonishment  to  us."  M.  Quatrefages  has  dis- 
covered that  the  Noctilucoe  which  produce  this  phenomenon  do 
not  always  give  out  clear  and  brilliant  sparks,  but  that  under 
certain  circumstances  this  light  is  replaced  by  a  steady  clear- 
ness, which  gives  in  these  animalcules  a  white  colour.  The 
waters  in  which  they  have  been  observed  do  not  change  their 
place  to  any  sensible  degree. 


THE  BOTTOM  OF  THE  SEA  A  BUEIAL-PLACE. 

Among  the  minute  shells  which  have  been  fished  up  from 
the  great  telegraphic  plateau  at  the  bottom  of  the  sea  between 
Newfoundland  and  Ireland,  the  microscope  has  failed  to  detect 
a  smgle  particle  of  sand  or  gravel ;  and  the  inference  is,  that 
there,  if  any  where,  the  waters  of  the  sea  are  at  rest.  There 
is  not  motion  enough  there  to  abrade  these  very  delicate  or- 
ganisms, nor  current  enough  to  sweep  them  about  and  mix 
them  up  with  a  grain  of  the  finest  sand,  nor  the  smaUest  par- 
ticle of  gravel  from  the  loose  beds  of  debris  that  here  and  there 
strew  the  bottom  of  the  sea.  The  animalculje  probably  do  not 
live  or  die  there.  They  would  have  had  no  light  there  :  and 
If  they  lived  there,  their  frail  textures  would  be  subjected  in 

9  mo^?J!f\- V  P'^'T?  "Pu°^  ^  ^^l'^"^^  of  water 

TW  ^^^g^*  «f  400  atmospheres. 

1  hey  probably  live  and  sport  near  the  surface,  where  they 
can  feel  the  genial  influence  of  both  light  and  heat  and  are 
buried  m  the  lichen  caves  below  after  delth.  ' 

It  IS  now  suggested,  that  henceforward  we  should  view  the 
nnH  ff!  nursery  teeming  with  nascent  organisms, 

and  Its  depths  as  the  cemetery  for  famihes  of  living  creatures 
that  outnumber  the  sands  on  the  sea-shore  for  multitude 

Where  there  is  a  nursery,  hard  by  there  will  be  found  also  a 
graveyard,-snch  is  the  condition  of  the  animal  world    But  it 
never  occurred  to  us  before  to  consider  the  surface  of  the  s^ 
one  wide  nurseiy,  its  every  ripple  as  a  cradle,  and  its  bottoS 
"ue  vast  burial-place.— Ztett^.  Maury.  ™ 

WHY  IS  THE  SEA  SALT  ? 

It  has  been  replied.  In  order  to  preserve  it  in  a'  statp 
punty ;  which  is,  however,  untenable,  LiulyUm  ?he  ffct  that 
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organic  impurities  in  a  vast  body  of  moving  water,  whether 
fresh  or  salt,  become  rapidly  lost,  so  as  apparently  to  have 
called  forth  a  special  agency  to  arrest  the  total  organised  matter 
in  its  final  oscillation  between  the  organic  and  inorganic  worlds. 
Thus  countless  hosts  of  microscopic  creatures  swarm  in  most 
waters,  their  principal  function  being,  as  Professor  Owen  sur- 
mises, to  feed  upon  and  thus  restore  to  the  living  chain  the 
almost  unorganised  matter  of  various  zones.  These  creatures 
preying  upon  one  another,  and  being  preyed  upon  by  others  in 
their  turn,  the  circulation  of  organic  matter  is  kept  up.  If  we 
•io  not  adopt  this  view,  we  must  at  least  look  upon  the  Infuso- 
ria and  Foraminifera  as  scavenger  agents  to  prevent  an  undue 
accumulation  of  decaying  matter ;  and  thus  the  salt  condition 
of  the  sea  is  not  a  necessity. 

Nor  is  the  amount  of  saline  matter  in  the  sea  sufficient  to 
arrest  decomposition.  That  the  sea  is  salt  to  render  it  of 
greater  density,  and  by  lowering  its  freezing  point  to  preserve 
it  from  congelation  to  within  a  shorter  distance  of  the  poles, 
though  admissible,  scarcely  meets  the  entire  solution  of  the 
question.  The  freezing  point  of  sea-water,  for  instance,  is  only 
3^°  F.  lower  than  that  of  fresh  water  ;  hence,  with  the  present 
distribution  of  land  and  sea— and  still  less,  probably,  with  that 
which  obtained  in  former  geological  epochs— no  very  important 
effects  would  have  resulted  had  the  ocean  been  fresh  instead  of 

salt.  . 

Now  Professor  Chapman,  of  Toronto,  suggests  that  the  salt 
condition  of  the  sea  is  mainly  intended  to  regulate  evaporation, 
and  to  prevent  an  undue  excess  of  that  phenomenon  ;  saturated 
solutions  evaporating  more  slowly  than  weak  ones,  and  these 
latter  more  slowly  again  than  pure  water.  ,   ,  • 

Here,  thep,  we  have  a  self-adjusting  phenomenon  and  admir- 
able contrivance  in  the  balance  of  forces.  If  from  any  tempo- 
rary cause  there  be  an  unusual  amount  of  saline  matter  in  the 
sea,  evaporation  goes  on  the  more  and  more  slowly ;  and,  on 
the  other  hand,  if  this  proportion  be  reduced  by  the  addition  ot 
fresh  water  in  undue  excess,  the  evaporating  power  is  the  more 
and  more  increased— thus  aiding  time,  in  either  instance,  to 
restore  the  balance.  The  perfect  system  of  oceamc  circulation 
may  be  ascribed,  in  a  great  degree  at  least,  if  not  wholly,  to 
the  effect  produced  by  the  salts  of  the  sea  upon  the  mobility  and 
circulation  of  its  waters.  . 

Now  this  is  an  office  which  the  sea  performs  m  the  eco- 
nomy of  the  universe  by  virtue  of  its  saltness,  and  which  it 
could  not  perform  were  its  waters  altogether  fresh.  And  thus 
philosophers  have  a  clue  placed  iu  their  hands  which  will  pro- 
bably guide  to  one  of  the  many  hidden  reasons  that  are  em- 
braced in  the  true  answer  to  the  question,  "  Why  u  the  sea  salt  f  > 
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HOW  TO  ASCERTAIN  THE  SALTNESS  OF  THE  SEA. 

Dry  a  towel  in  the  sun,  weigh  it  carefully,  and  note  its 
weight.  Then  dip  it  into  sea-water,  wring  it  sufficiently  to 
prevent  its  dripping,  and  weigh  it  again ;  the  increase  of  the 
weight  being  that  of  the  water  imbibed  by  the  cloth.  It  should 
then  be  thoroughly  dried,  and  once  more  weighed ;  and  the  ex- 
cess of  this  weight  above  the  original  weight  of  the  cloth  shows 
the  quantity  of  the  salt  retained  by  it ;  then,  by  comparing 
the  weight  of  this  salt  with  that  of  the  sea-water  imbibed  by 
the  cloth,  we  shall  find  what  proportion  of  salt  was  contained 
in  the  water. 

ALL  THE  SALT  IN  THE  SEA. 

The  amount  of  common  Salt  in  all  the  oceans  is  estimated 
by  Schafhautl  at  3,051,342  cubic  geographical  miles.  This 
would  be  about  five  times  more  than  the  mass  of  the  Alps,  and 
only  one-third  less  than  that  of  the  Himalaya.   The  sulphate  of 
soda  equals  633,644-36  cubic  miles,  or  is  equal  to  the  mass  of 
the  Alps;  the  chloride  of  magnesium,  441,811-80  cubic  miles  • 
the  Hme  salts,  109,339-44  cubic  miles.    The  above  supposes  the 
mean  depth  to  be  but  300  metres,  as  estimated  by  Humboldt. 
Admittmg,  with  Laplace,  that  the  mean  depth  is  1000  metres* 
which  is  more  probable,  the  mass  of  marine  salt  will  be  more 
than  double  the  mass  of  the  Himalaya.— >S?7^maw'5  Journal 
No.  16.  ' 

Taking  the  average  depth  of  the  ocean  at  two  miles,  and 
Its  average  saltness  at  3^  per  cent,  it  appears  that  there  is  salt 
enough  in  the  sea  to  cover  to  the  thickness  of  one  mile  an  area 
of  7,000,000  of  square  miles.  Admit  a  transfer  of  such  a  quan- 
tity of  matter  from  an  average  of  half  a  mUe  above  to  one  milf 
below  the  sea  level,  and  astronomers  wiU  show  by  calculation 
that  it  would  alter  the  length  of  the  day. 

These  7,000,000  of  cubic  miles  of  crystal  salt  have  not  made 
the  sea  any  fuller. 

PEOPERTIES  OF  SEA-WATER. 

The  solid  constituents  of  sea-water  amount  to  about  3i  pen 
cent  of  Its  weight,  or  nearly  half  an  ounce  to  the  pound.  Its 
saltness  is  caused  as  follows  :  Rivers  which  are  constantly  flow- 
ing into  the  ocean  contain  salts  varying  from  10  to  50  and 
even  100,  grains  per  gaUon.  They  are  chiefly  common' salt 
suipiiate  and  carbonate  of  lime,  magnesia,*  soda,  potash,  and 
iron ;  and  these  are  found  to  constitute  the  distinguishinrr  cha- 
racteristics of  sea-water.    The  water  which  evaporates  from  the 

clot;2SSl^?£t\^e'Sr.^^^^^^^  to  the 
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sea  is  nearly  pure,  containing  but  very  minute  traces  of  salts. 
Falling  as  rain  upon  the  land,  it  washes  the  soil,  percolates 
through  the  rocky  layers,  and  becomes  charged  with  saline 
substances,  which  are  borne  seaward  by  the  returning  currents. 
The  ocean,  therefore,  is  the  great  depository  of  every  thing  that 
water  can  dissolve  and  carry  down  from  the  surface  of  the  con- 
tinents ;  and  as  there  is  no  channel  for  their  escape,  they  con- 
sequently accumulate  ( Youmana'  Chemistry).  They  would  con- 
stantly accumulate,  as  this  very  shrewd  author  remarks,  were 
it  not  for  the  shells  and  insects  of  the  sea  and  other  agents. 


SCENERY  AND  LIFE  OF  THE  AECTIC  BEGIONS. 

The  late  Dr.  Scoresby,  from  personal  observations  made  in 
the  course  of  twenty-one  voyages  to  the  Arctic  Regions,  thus 
describes  these  striking  characteristics  : 

The  coast  scenes  of  Greenland  are  generallj'  of  an  abrupt  character, 
the  mountains  frequently  rising  in  triangular  profile ;  so  much  so,  that 
it  is  sometimes  not  possible  to  effect  their  ascent.  One  of  the  most 
notable  characteristics  of  the  Arctic  lands  is  the  deception  to  which  tra- 
vellers are  liable  in  regard  to  distances.  The  occasion  of  this  is  the 
quantity  of  light  reflected  from  the  snow,  contrasted  with  the  dark  co- 
lour of  the  rocks.  Several  persons  of  considerable  experience  have  been 
deceived  in  this  way,  imagining,  for  example,  that  they  were  close  to 
the  shore  when  in  fact  they  were  more  than  twenty  miles  off.  The  trees 
of  these  lands  are  not  more  than  three  inches  above  groimd. 

Many  of  the  icebergs  are  five  miles  in  extent,  and  some  are  to  be 
seen  running  along  the  shore  measuring  as  much  as  thii-teen  miles.  Dr. 
Scoresby  has  seen  a  cliff  of  ice  supported  on  those  floating  masses  402 
feet  in  height.  There  is  no  place  in  the  world  where  animal  life  is  to 
be  found  in  greater  profusion  than  in  Greenland,  Spitzbergen,  Bafl&n's 
Bay,  and  other  portions  of  the  Arctic  regions.  This  is  to  be  accoimted 
for  by  the  abundance  and  richness  of  the  food  supplied  by  the  sea.  The 
number  of  birds  is  especially  remarkable.  On  one  occasion,  no  less 
than  a  million  of  little  hawks  came  in  sight  of  Dr.  Scoresby's  ship  withm 
a  single  hour. 

The  various  phenomena  of  the  Greenland  sea  are  very  interesting. 
The  different  coloiirs  of  the  sea-water — olive  or  bottle-green,  reddish- 
brown,  and  mustard— have,  by  the  aid  of  the  microscope,  been  found 
to  be  owing  to  animalculae  of  these  various  colours  :  in  a  single  drop  of 
mustard-coloured  water  have  been  counted  26,450  animals.  Another 
remarkable  characteristic  of  the  Greenland  sea-water  is  its  warm  tem- 
perature—one, two,  and  three  degrees  above  the  freezing-point  even  in 
the  cold  season.  This  Dr.  Scoresby  accounts  for  by  supposing  the  flow 
in  that  direction  of  warm  cun-ents  from  the  south.  The  polar  fields  of 
ice  are  to  be  found  from  eight  or  nine  to  thirty  or  forty  feet  in  thick- 
ness. By  fastening  a  hook  twelve  or  twenty  inches  in  these  masses  of 
ice,  a  ship  could  ride  out  in  safety  the  heaviest  gales. 


ICEBEJIG  OF  THE  POLAR  SEAS. 
The  ice  of  this  berg,  although  opaque  and  vascular,  is  true 
glacier  ice,  having  the  fracture,  lustre,  and  other  external  cha- 
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racters  of  a  nearly  homogeneous  growth.  The  iceberg  is  true 
ice,  and  is  always  dreaded  by  ships.  Indeed,  though  modified 
by  climate,  and  especially  by  the  alternation  of  day  and  night, 
the  polar  glacier  must  be  regarded  as  strictly  atmospheric  in 
its  increments,  and  not  essentially  differing  from  the  glacier  of 
the  Alps.  The  general  appearance  of  a  berg  may  be  compared 
to  frosted  silver ;  but  when  its  fractures  are  very  extensive, 
the  exposed  faces  have  a  very  brilliant  lustre.  Nothing  can  be 
more  exquisite  than  a  fresh,  cleanly  fractured  berg  surface  :  it 
reminds  one  of  the  recent  cleavage  of  sulphate  of  strontian — a 
resemblance  more  striking  from  the  slightly  lazulitic  tinge  of 
each. —  U.iS.  Orinnel  Expedition  in  Search  of  Sir  J.  Franklin. 

IMMENSITY  OF  POLAH  ICE. 

The  quantity  of  solid  matter  that  is  drifted  out  of  the 
Polar  Seas  through  one  opening — Davis's  Straits— alone,  and 
during  a  part  of  the  year  only,  covers  to  the  depth  of  seven 
feet  an  area  of  300,000  square  miles,  and  weighs  not  less  than 
18,000,000,000  tons.  The  quantity  of  water  required  to  float 
and  drive  out  this  solid  matter  is  probably  many  times  greater 
than  this.  A  quantity  of  water  equal  in  weight  to  these  two 
masses  has  to  go  in.  The  basin  to  receive  these  inflowing  wa- 
ters, i.  e.  the  unexplored  basin  about  the  North  Pole,  includes 
an  area  of  1,600,000  square  miles;  and  as  the  outflowing  ice 
and  water  are  at  the  surface,  the  return  current  must  be  sub- 
marine. 

These  two  currents,  therefore,  it  may  be  perceived,  keep  in 
motion  between  the  temperate  and  polar  regions  of  the  earth  a 
volume  of  water,  in  comparison  with  which  the  mighty  Missis- 
sippi in  its  greatest  floods  sinks  down  to  a  mere  rill. — Maury. 

OPEN  SEA  AT  THE  POLE. 

The  following  fact  is  striking  :  In  1662-3,  Mr.  Oldenburg, 
Secretary  to  the  Royal  Society,  was  ordered  to  register  a  paper 
entitled  "  Several  Inquiries  concerning  Greenland,  answered  by 
Mr.  Gray,  who  had  visited  those  parts. "  The  nineteenth  query 
was,  "  How  near  any  one  hath  been  known  to  approach  the  Pole. 
Answer.  I  once  met  upon  the  coast  of  Greenland  a  Hollander" 
that  swore  he  had  been  but  half  a  degree  from  the  Pole,  show- 
ing me  his  journal,  which  was  also  attested  by  his  mate;  where 
they  had  seen  no  ice  or  land^  but  all  water."  Boyle  mentions 
a  similar  account,  which  he  received  from  an  old  Greenland 
master,  on  April  6,  1765. 

EIVEB-WATER  ON  THE  OCEAN. 

Captain  Sabine  found  discoloured  water,  supposed  to  be 
that  of  the  Amazon,  300  miles  distant  in  the  ocean  from  the 
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embouchure  of  that  river.  It  was  about  126  feet  deep.  Its  spc- 
cilic  gravity  was  =  1  -0204,  and  the  specific  gravity  of  the  sea- 
water  =  1-0262.  This  appears  to  be  the  greatest  distance  from 
land  at  which  river-water  has  been  detected  on  the  surface  of 
the  ocean.  It  was  estimated  to  be  moving  at  the  rate  of  three 
miles  an  hour,  and  had  been  turned  aside  by  an  ocean-current. 
*'  It  is  not  a  little  curious  to  reflect,"  says  Sir  Henry  de  la  Beche, 
"  that  the  agitation  and  resistance  of  its  particles  should  be  suf- 
ficient to  keep  finely  comminuted  solid  matter  mechanically 
suspended,  so  that  it  would  not  be  disposed  freely  to  part  with 
it  except  at  its  junction  with  the  sea-water  over  which  it  flows, 
and  where,  from  friction,  it  is  sufficiently  retarded." 

THE  THAMES  AND  ITS  SALT-WATEE  BED. 
The  Thames  below  Woolwich,  in  place  of  flowing  upon  a 
solid  bottom,  really  flows  upon  the  liquid  bottom  formed  by 
the  water  of  the  sea.  At  the  flow  of  the  tide,  the  fresh  water 
is  raised,  as  it  were,  in  a  single  mass  by  the  salt  water  which 
flows  in,  and  which  ascends  the  bed  of  the  river,  while  the  fresh 
water  continues  to  flow  towards  the  sea.  — i/^r.  Stevenson,  m 
Jameson's  Journal. 

FEESH  SPKINGS  IN  THE  MIDDLE  OF  THE  OCEAN. 
On  the  southern  coast  of  the  island  of  Cuba,  at  a  few  miles 
from  land,  Springs  of  Fresh  Water  gush  from  the  bed  of  the 
Ocean,  probably  under  the  influence  of  hydrostatic  pressure,  and 
rise  through  the  midst  of  the  salt  water.  They  issue  forth  with 
such  force  that  boats  are  cautious  in  approaching  this  locality, 
which  has  an  ill  repute  on  account  of  the  high  cross  sea  thus 
caused.  Trading  vessels  sometimes  visit  these  springs  to  take 
in  a  supply  of  fresh  water,  which  is  thus  obtained  m  the  open 
sea.  The  greater  the  depth  from  which  the  water  is  taken, 
the  fresher  it  is  found  to  be. 

"  THE  BLACK  WATERS." 

Tn  the  unner  portion  of  the  basin  of  the  Orinoco  and  its 
tributaries  Zture^  has  several  times  repeated  the  enigmatical 
Senornon^^^^^^^^^^  so-called  "  Black  Waters  »   The  Atabapo, 
lose  banks  are  adorned  with  Carolinias  and  -bo-sc-^^^ 
lastomas  is  a  river  of  a  coffee-brown  colour.    In  the  shade  ol 
the  pX-groves  this  colour  seems  about  to  pass  into  mk-black 
When  pTaled  in  transparent  vessels,  the  water  appears  of  a  golden 
yellow    The  image  of  the  Southern  Constellation  reflected 
with  wonderful  clearness  in  these  black  streams.    When  thmr 
waterl  flow  gently,  they  afford  to  the  observer,  when  takmg 
LtronoSal^obseVvations  with  reflecting  instruments,  a  mo 
SceS  artificial  horizon.   These  waters  probably  owe  then 
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peculiar  colour  to  a  solution  of  carburetted  hydrogen,  to  the 
luxuriance  of  the  tropical  vegetation,  and  to  the  quantity  of 
plants  and  herbs  on  the  ground  over  which  they  flow. — Hum- 
boldt's Aspects  of  Nature,  vol.  i. 

GEEAT  CATAEACT  IN  INDIA. 

Where  the  river  Shirhawti,  between  Bombay  and  Cape  Co- 
morin,  falls  into  the  Gulf  of  Arabia,  it  is  about  one-fourth  of  a 
mile  in  width,  and  in  the  rainy  season  some  thirty  feet  in  depth. 
This  immense  body  of  water  rushes  down  a  rocky  slope  300  feet, 
at  an  angle  of  45°,  at  the  bottom  of  which  it  makes  a  perpen- 
dicular plunge  of  850  feet  into  a  black  and  dismal  abyss,  with 
a  noise  like  the  loudest  thunder.  The  whole  descent  is  there- 
fore 1150  feet,  or  several  times  that  of  Niagara;  but  the  volume 
of  water  in  the  latter  is  somewhat  larger  than  in  the  former. 


CAUSE  OF  WAVES. 

The  friction  of  the  wind  combines  with  the  tide  in  agitating 
the  surface  of  the  ocean,  and,  according  to  the  theory  of  undu- 
lations, each  produces  its  effect  independently  of  the  other. 
Wind,  however,  not  only  raises  waves,  but  causes  a  transfer  of 
superficial  water  also.  Attraction  between  the  particles  of  air 
and  water,  as  well  as  the  pressure  of  the  atmosphere,  brings  its 
lower  stratum  into  adhesive  contact  with  the  surface  of  the  sea. 
If  the  motion  of  the  wind  be  parallel  to  the  surface,  there  will 
still  be  friction,  but  the  water  will  be  smooth  as  a  mirror ;  but 
if  It  be  inclined,  in  however  small  a  degree,  a  ripple  wiU  appear, 
ihe  friction  raises  a  minute  wave,  whose  elevation  protects  the 
water  beyond  it  from  the  wind,  which  consequently  impinges 
^^iu  V^''^^^^  ^  ^^Sle :  thus  each  impulse,  combimng 
with  the  other,  produces  an  undulation  which  continually  ad- 
vances.—i/r#.  SomervUle's  Physical  Geography. 

EATE  AT  WHICH  WAVES  TEAVEL. 

Professor  Bache  states,  as  one  of  the  effects  of  an  earthquake 
at  Sunoda,  on  the  island  of  Niphon,  in  Japan,  that  the  harbour 
was  farst  emptied  of  water,  and  then  came  in  an  enormous  wave 
which  again  receded  and  left  the  harbour  dry.  This  occurred 
several  times  The  United-States  self-acting  tide-gauge  at  San 
irancisco,  which  records  the  rise  of  the  tide  upon  SyHnders 
turned  by  clocks,  showed  that  at  San  Francisco,  4800  miles  from 
the  scene  of  the  earthquake,  the  first  wave  arrived  twelve  hours 
and  sixteen  minutes  after  it  had  receded  from  the  harbour  of 
feimoda  It  had  travelled  across  the  broad  bosom  of  the  Pacific 
Ocean  at  the  rate  of  six  miles  and  a  half  a  minute,  and  arrived 
on  the  shores  of  Cahfornia :  the  first  wave  being  seven-tenths  of 
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a  foot  in  height,  and  lasting  for  about  half  an  hour,  followed  by 
seven  lesser  waves,  at  intervals  of  half  an  hour  each. 

The  velocity  with  which  a  wave  travels  depends  on  the  depth 
of  the  ocean.  The  latest  calculations  for  the  Pacific  Ocean  give 
a  depth  of  from  14,000  to  18,000  fathoms.  It  is  remarkable 
how  the  estimates  of  the  ocean's  depth  have  grown  less.  La- 
place assumed  it  at  ten  miles,  Whewell  at  3-5,  while  the  above 
estimate  brings  it  down  to  two  miles. 

Mr.  Findlay  states,  that  the  dynamic  force  exerted  by  bea- 
Waves'is  greatest  at  the  crest  of  the  wave  before  it  breaks  ;  and 
its  power  in  raising  itself  is  measured  by  various  facts.  At 
Wasburg,  in  Norway,  in  1820,  it  rose  400  feet;  and  on  the 
coast  of  Cornwall,  in  1843,  300  feet.  The  author  shows  that 
waves  have  sometimes  raised  a  column  of  water  equivalent  to 
a  pressure  of  from  three  to  five  tons  the  square  foot.  He  also 
proves  that  the  velocity  of  the  waves  depends  on  their  length, 
and  that  waves  of  from  300  to  400  feet  in  length  from  crest  to 
crest  travel  from  twenty  to  twenty-seven  and  a  half  miles  an 
hour  Waves  travel  great  distances,  and  are  often  raised  by 
distant  hurricanes,  having  been  felt  simultaneously  at  bt.  He- 
lena and  Ascension,  though  600  miles  apart  ;  and  it  is  probable 
that  ground-swells  often  originate  at  the  Cape  of  Good  Hope 
3000  miles  distant.  Dr.  Scoresby  found  the  travelhng  rate  of 
the  Atlantic  waves  to  be  32  67  English  statute  miles  per  hour. 

In  the  winter  of  1856,  a  heavy  g^o^^^^^^^l' 
five  hours'  gale,  scoured  away  m  fourteen  hours  3,900,000  tons 
of  pebbles  from  the  coast  near  Dover ;  but  in  three  days,  with- 
out any  shift  of  wind,  upwards  of  3,000,000  tons  were  thrown 
back  again.  These  figures  are  to  a  certam  extent  conjectural; 
but  the  quantities  have  been  derived  from  careful  measurement 
of  the  profile  of  the  beach. 

OCEAN-HIGHWAYS  :  HOW  SEA-KOUTES  HAVE  BEEN 
SHORTENED. 

When  one  looks  seaward  from  the  shore,  and  sees  a  ship 
disappear  in  the  horizon  as  she  gains  an  offing  on  a  vojage  to 
India,  or  the  Antipodes  perhaps,  the  common  idea  is  that  she 
is  bound  over  a  tmckless  waste;  and  the  chances  of  another 
ship  sailing  with  the  same  destination  the  next  day,  or  the 
next  week,%oming  up  and  speaking  with  her  on  the  "path- 
Tess  ocean"  would  to  most  minds  seem  slender  indeed.  Yet 
the  truth  is,  the  winds  and  the  currents  are  now  becoming  so 
well  unders  ood,  that  the  navigator,  like  the  backwoodsman 
7n  the  wUdernes;,  is  enabled  literally  to  '  blaze  way  '  acro^^ 
the  ocean  •  not,  indeed,  upon  trees,  as  m  the  wilderness,  but 
upon  thT^ings  of  the  ;ind.    The  results  of  scientific  mquiry 
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ihave  so  taught  him  how  to  use  these  invisible  couriers,  that 
'they,  with  the  calm  belts  of  the  air,  serve  as  sign-boards  to 
indicate  to  him  the  turnings  and  forks  and  crossings  by  the 
way. 

Let  a  ship  sail  from  New  York  to  California,  and  the  next  week  let 
a  faster  one  follow ;  they  will  cross  each  other's  path  many  times,  and 
re  almost  sure  to  see  each  other  by  the  way,  as  in  the  voyage  of  two 
ne  clipper-ships  from  New  York  to  California,   On  the  ninth  day  after 
'  e  Archer  had  sailed,  the  Flying  Cloud  put  to  sea.    Both  ships  were 
ning  against  time,  but  without  reference  to  each  other.  The  Archer, 
with  wind  and  current  charts  in  hand,  went  blazing  her  way  across  tlie 
calms  of  Cancer,  and  along  the  new  route  down  through  the  north-east 
rades  to  the  equator ;  the  Cloud  followed,  crossing  the  equator  upon 
he  trail  of  Thomas  of  the  Archer.  Off  Cape  Horn  she  came  up  with  him, 
poke  him,  and  handed  him  the  latest  New  York  dates.    The  Flying 
Cloud  finally  ranged  ahead,  made  her  adieus,  and  disappeared  among 
he  clouds  that  lowered  upon  the  western  horizon,  being  destined  to 
reach  her  port  a  week  or  more  in  advance  of  her  Cape  Horn  consort. 
.Though  sighting  no  land  from  the  time  of  their  separation  until  they 
gained  the  offing  of  San  Francisco, — some  six  or  eight  thousand  miles 
off, — the  tracks  of  the  two  vessels  were  so  nearly  the  same,  that  being 
projected  upon  the  chart,  they  appear  almost  as  one. 

This  is  the  great  course  of  the  ocean :  it  is  15,000  miles  in  length. 
Some  of  the  most  glorious  trials  of  speed  and  of  prowess  that  the  world 
ever  witnessed  among  ships  that  "walk  the  waters"  have  taken  place 
over  it.  Here  the  modem  clipper-ship — the  noblest  work  that  has  ever 
come  from  the  hands  of  man — has  been  sent,  guided  by  the  lights  of 
science,  to  contend  with  the  elements,  to  outstrip  steam,  and  astonish 
the  world. — Maury. 

ERROR  UPON  ERROR. 

The  great  inducement  to  Mr.  Babbage,  some  years  since,  to 
attempt  the  construction  of  a  machine  by  which  astronomical 
tables  could  be  calculated  and  even  printed  by  mechanical 
means,  and  with  entire  accuracy,  was  the  errors  in  the  re- 
quisite tables.  Nineteen  such  errors,  in  point  of  fact,  were  dis- 
covered in  an  edition  of  Taylor's  Logarithms  printed  in  1796  ; 
3ome  of  which  might  have  led  to  the  most  dangerous  results  in 
calculating  a  ship's  place.  These  nineteen  errors  (of  which  one 
unly  was  an  error  of  the  press)  were  pointed  out  in  the  Nauti- 
cal Almanac  for  1832.  In  one  of  these  errata,  the  seat  of  the 
Rrror  was  stated  to  be  in  cosine  of  14°  18'  3".  Subsequent 
examination  showed  that  there  was  an  error  of  one  second  in 
this  correction,  and  accordingly,  in  the  Nautical  Almanac  of 
the  next  year  a  new  correction  was  necessary.  But  in  making 
the  new  correction  of  one  second,  a  new  error  was  committed 
af  ten  degrees,  making  it  still  necessary,  in  some  future  edition 
jf  the  Nautical  Almanac,  to  insert  an  erratum  in  an  erratum  of 
the  errata  in  Taylor's  Logarithms.— Edinburgh  Review^  vol.  59. 
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THE  LENGTH  OF  THE  DAY  AND  THE  HEAT  OF  THE  EARTH. 

As  we  may  judge  of  the  uniformity  of  temperature  from  the 
unaltered  time  of  vibration  of  a  pendulum,  so  we  may  also 
learn  from  the  unaltered  rotatory  velocity  of  the  earth  the 
amount  of  stability  in  the  mean  temperature  of  our  globe. 
This  is  the  result  of  one  of  the  most  brilliant  apphcations  of 
the  knowledge  we  had  long  possessed  of  the  movement  of  the 
heavens  to  the  thermic  condition  of  our  planet.    Ihe  rotatory 
velocity  of  the  earth  depends  on  its  volume  ;  and  smce,  by  ttie 
gradual  cooling  of  the  mass  by  radiation,  the  axis  of  rotation 
would  become  shorter,  the  rotatory  velocity  would  necessarily 
increase,  and  the  length  of  the  day  diminish  with  a  decrease  of 
the  temperature.    From  the  comparison  of  the  secular  inequa- 
lities in  the  motions  of  the  moon  with  the  eclipses  observed  in 
former  ages,  it  follows  that,  since  the  time  of  Hipparchus,— that 
is,  for  full  2000  years,-the  length  of  the  day  has  certainly  not 
diminished  by  the  hundredth  part  of  a  second    The  decrease 
of  the  mean  heat  of  the  globe  during  a  period  of  2000  years  has 
not  therefore,  taking  the  extremest  limits,  diminished  as  much 
as  ^th  of  a  degree  of  Fahrenheit.  •-^t.mJo^c^i's  Cosmos,  vol.  i. 

NICE  MEASUREMENT  OF  HEAT. 

A  deHcate  thermometer,  placed  on  the  ground,  wiU  be  af- 
foPtprl  bv  the  nassage  of  a  single  cloud  across  a  clear  sky  ;  and 
ifa  succ'^ssiL^ofXds  pass  over,  with  intervals  of  clear  sky 
between  the^,  such  an  instrument  has  been  observed  to  fluc- 
We  accoSgly,  rising  with  each  passing  mass  of  vapour,  and 
LTung  agairwhen  the  fadiation  becomes  um-estramed. 

EXPENDITURE  OF  HEAT  BY  THE  SUN. 

Sir  John  Herschel  estimates  the  total  Expenditure  of  Ileat 

.  This  fraction  rests  on  the  --P^-^/  ^f.^Srl^'s^S^^ 
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stantly  by  radiation  would  then  be  wholly  expended  in  its 
liquefaction,  on  the  one  hand,  so  as  to  leave  no  radiant  surplus ; 
while,  on  the  other,  the  actual  temperature  at  its  surface  would 
undergo  no  diminution. 

The  great  mystery,  however,  is  to  conceive  how  so  enor- 
inous  a  conflagration  (if  such  it  be)  can  be  kept  up..  Every 
discovery  in  chemical  science  here  leaves  us  completely  at  a 
loss,  or  rather  seems  to  remove  further  the  prospect  of  probable 
explanation.  If  conjecture  might  be  hazarded,  we  should  look 
rather  to  the  known  possibility  of  an  indefinite  generation  of 
heat  by  friction,  or  to  its  excitement  by  the  electric  discharge, 
than  to  any  combustion  of  ponderable  fuel,  whether  solid  or 
gaseous,  for  the  origin  of  the  solar  radiation.— Cw^^twes.* 

DISTINCTIONS  OF  HEAT. 

Among  the  curious  laws  of  modern  science  are  those  which 
regulate  the  transmission  of  radiant  heat  through  transparent 
bodies.  The  heat  of  our  fires  is  intercepted  and  detained  by 
screens  of  glass,  and,  being  so  detained,  warms  them;  while 
solar  heat  passes  freely  through  and  produces  no  such  eflfect. 
"  The  more  recent  researches  of  Delaroche,"  says  Sir  John  Her- 
schel,  "  however,  have  shown  that  this  detention  is  complete 
only  when  the  temperature  of  the  so\irce  of  heat  is  low ;  but 
that  as  the  temperature  gets  higher  a  portion  of  the  heat  ra- 
diated acquires  a  power  of  penetrating  glass,  and  that  the 
quantity  which  does  so  bears  continually  a  larger  and  larger  pro- 
portion to  the  whole,  as  the  heat  of  the  radiant  body  is  more 
intense.  This  discovery  is  very  important,  as  it  establishes  a 
community  of  nature  between  solar  and  terrestrial  heat ;  while 
at  the  same  time  it  leads  us  to  regard  the  actual  temperature  of 
the  sun  as  far  exceeding  that  of  any  earthly  flame. " 

LATENT  HEAT. 

^  This  extraordinary  principle  exists  in  all  bodies,  and  may 
be  pressed  out  of  them.  The  blacksmith  hammers  a  nail  until 
Jt  becomes  red  hot,  and  from  it  he  lights  the  match  with  which 
he  kmdles  the  fire  of  his  forge.  The  iron  has  by  this  process 
become  more  dense,  and  percussion  wiU  not  again  produce  in- 
candescence until  the  bar  has  been  exposed  in  fire  to  a  red  heat 
when  It  absorbs  heat,  the  particles  are  restored  to  their  former 
state,  and  we  can  again  by  hammering  develop  both  heat  and 
ligtit. — R.  Hunty  F.R.S. 

^■nA^^^}''"^H'  *';''^«»'S'ng  excessively  rarefied  air  or  vapours,  gives  out  lieht 
Bt,nHJ  ^l-"  l*?*^'-  May  not  a  continual  current  of  electric  Sitter  be  fon 
Btantly  circulating  m  the  sun's  immediate  neighbourhood  or  traversing  tha 

Lrm7nar;^^icT^rh^Se;"d^  TLT/  ^^^P^^^^^^^ 

vocal  manifestation  in  our  Aurorl  Borealis?  *°  ""^^l^i- 
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HEA.T  AND  EVAPORATION. 

la  a  communication  made  to  the  French  Academy,  M. 
Daubr6e  calculates  that  the  Evaporation  of  the  Water  ou  the 
surface  of  the  globe  employs  a  quantity  of  heat  about  equal  to 
one-third  of  what  is  received  from  the  sun ;  or,  in  other  words, 
equal  to  the  melting  of  a  bed  of  ice  nearly  thirty-five  feet  in 
thickness  if  spread  over  the  globe. 

HEAT  AND  MECHANICAL  POWER. 

It  has  been  found  that  Heat  and  Mechanical  Power  are 
mutually  convertible ;  and  that  the  relation  between  them  is 
definite,  772  foot-pounds  of  motive  power  being  equivalent  to 
a  unit  of  heat,  that  is,  to  the  amount  of  heat  requisite  to  raise  a 
pound  of  water  through  one  degree  of  Fahrenheit. 

HEAT  OF  MINES. 

One  cause  of  the  great  Heat  of  many  of  our  deep  Mines, 
which  appears  to  have  been  entirely  lost  sight  of,  is  the  chemi- 
cal action  going  on  upon  large  masses  of  pyritic  matter  in  then: 
vicinity.  The  heat,  which  is  so  oppressive  in  the  United  Mmes 
in  Cornwall  that  the  miners  work  nearly  naked,  and  bathe  in 
water  at  80°  to  cool  themselves,  is  without  doubt  due  to  the 
decomposition  of  immense  quantities  of  the  sulphurets  of  iron 
and  copper  known  to  be  in  this  condition  at  a  short  distance 
from  these  mineral  works. — R.  Hunt,  F.R.S. 

VIBRATION  OF  HEATED  METALS. 

Mr  Arthur  Trevelyan  discovered  accidentally  that  a  bar  of 
iron,  when  heated  and  placed  with  one  end  on  a  sohd  block 
of  lead,  in  cooling  vibrates  considerably,  and  produces  sounds 
similar  to  those  of  an  ^olian  harp.  The  same  effect  is  pro- 
duced by  bars  of  copper,  zinc,  brass,  and  bell-meta^,  fl-hen 
heated  and  placed  on  blocks  of  lead,  tin,  or  pewter.  The  bars 
were  four  inches  long,  one  inch  and  a  half  wide,  and  three- 
eighths  of  an  inch  thick.  , 

The  conditions  essential  to  these  experiments  are.  That  tv.o 
different  metals  must  be  employed-the  one  soft  aud  possessed 
of  moderate  conducting  powers,  viz.  lead  or  tin  the  other  hard 
and  it  matters  not  whether  soft  metal  be  employed  for  the  bar 
or  block,  provided  the  soft  metal  be  cold  and  the  hard  metal 

^^"^That  the  surface  of  the  block  shaU  be  uneven,  for  when  ren- 
dered quite  smooth  the  vibration  does  not  take  place;  but  the 

bar  cannot  be  too  smooth.  ^;i^~,f?nn 
That  no  matter  be  interposed,  else  it  will  prevent  vibration, 
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•with  the  exception  of  a  burnish  of  gold  leaf,  the  thickness  of 
which  cannot  amount  to  the  two-hundred-thousandth  part  of 
an  inch. —  Transactions  of  the  Royal  Society  of  Edinburgh. 

EXPANSION  OF  SPIRITS. 

Spirits  expand  and  become  lighter  by  means  of  heat  in  a 
greater  proportion  than  water,  wherefore  they  are  heaviest  in 
winter.  A  cubic  inch  of  brandy  has  been  found  by  many  ex- 
perirnents  to  weigh  ten  grains  more  in  winter  than  in  summer, 
the  difference  being  between  four  drams  thirty-two  grains  and 
four  drams  forty-two  grains.  Liquor-merchants  take  advan- 
tage of  this  circumstance,  and  make  their  purchases  in  winter 
rather  than  in  summer,  because  they  get  in  reality  rather  a 
larger  quantity  in  the  same  bulk,  buying  by  measure. — Notes  in 
V arious  Sciences. 

HEAT  PASSING  THROUGH  GLASS. 

The  following  experiment  is  by  Mr.  Fox  Talbot:  Heat  a 
poker  bright-red  hot,  and  having  opened  a  window,  apply  the 
poker  quickly  very  near  to  the  outside  of  a  pane,  and  the  hand 
to  the  inside ;  a  strong  heat  will  be  felt  at  the  instant,  which 
will  cease  as  soon  as  the  poker  is  withdrawn,  and  may  be  again 
renewed  and  made  to  cease  as  quickly  as  before.  Now  it  is 
well  known,  that  if  a  piece  of  glass  is  so  much  warmed  as  to 
convey  the  impression  of  heat  to  the  hand,  it  will  retain  some 
part  of  that  heat  for  a  minute  or  more ;  but  in  this  experiment 
the  heat  will  vanish  in  a  moment :  it  will  not,  therefore,  be  the 
heated  pane  of  glass  that  we  shall  feel,  but  heat  which  has  come 
through  the  glass  in  a  free  or  radiant  state. 

HEAT  FROM  GAS-LIGHTING. 

In  the  winter  of  1835,  Mr.  W.  H.  White  ascertained  the  tem- 
perature in  the  City  to  be  3°  higher  than  three  mUes  south  of 
London  Bridge;  and  after  the  gas  had  been  lighted  in  the  City 
four  or  five  hours  the  temperature  increased  full  3°,  thus  mak- 
ing 6  difference  in  the  three  miles. 

HEAT  BY  FRICTION. 

Friction  as  a  source  of  Heat  is  well  known :  we  rub  our 
hands  to  warm  them,  and  we  grease  the  axles  of  carriage-wheels 
to  prevent  their  setting  fire  to  the  wood.    Count  Rumford 
has  established  the  extraordinary  fact,  that  an  unlimited  sup- 
)ly  of  heat  may  be  derived  from  friction  by  the  same  materials  • 
le  made  great  quantities  of  water  boil  by  causing  a  blunt  borer 
'?  i"ub  agamst  a  mass  of  metal  immersed  in  the  water.  Savages 
light  their  fires  by  rubbing  two  pieces  of  wood :  the  modus  oper- 
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andi,  as  practised  by  the  Kaffirs  of  South  Africa,  is  thus  de- 
scribed by  Captain  Drayton  : 

Two  dry  sticks,  one  being  of  hard  and  tlio  other  of  soft  wood,  were 
the  materials  used.  The  soft  stick  was  laid  on  the  ground,  and  held 
firmly  down  by  one  Kaffir,  whilst  another  employed  himself  in  scooping 
out  a  little  hole  in  the  centre  of  it  with  the  point  of  his  assagy :  into  this 
little  hollow  the  end  of  the  hard  wood  was  placed,  and  hold  vertically. 
These  two  men  sat  face  to  face,  one  taking  the  vertical  stick  between 
the  palms  of  his  hands,  and  making  it  twist  about  very  quickly,  whilo 
the  other  Kaffir  held  the  lower  stick  firmly  in  its  place ;  the  friction 
caused  by  the  end  of  one  piece  of  wood  revolving  upon  the  other  soon 
made  the  two  pieces  smoke.  When  the  Kaffir  who  twisted  became  tired, 
the  respective  duties  were  exchanged.  These  operations  having  conti- 
nued about  a  couple  of  minutes,  sparks  began  to  appear,  and  when  they 
became  numerous,  were  gathered  into  some  dry  grass,  which  was  then 
swung  round  at  arm's  length  vmtil  a  blaze  was  established  ;  and  a  roar- 
ing fire  was  gladdening  the  hearts  of  the  Kaffirs  with  the  anticipation  of 
a  glorious  feast  in  about  ten  minutes  from  the  time  that  the  operation 
was  first  commenced. 

HEAT  BY  FRICTION  FROM  ICE. 

When  Sir  Humphry  Davy  was  studying  medicine  at  Pen- 
zance, one  of  his  constant  associates  was  Mr.  Tom  Harvey,  a 
druggist  in  the  above  town.  They  constantly  experimented  to- 
gether ;  and  one  severe  winter's  day,  after  a  discussion  on  the 
nature  of  heat,  the  young  philosophers  were  induced  to  go  to 
Larigan  river,  where  Davy  succeeded  in  developing  heat  by  rvi)- 
bing  two  pieces  of  ice  together  so  as  to  melt  eaeh  other  ;*  an  ex- 
periment which  he  repeated  with  much  6clat  many  years  after, 
in  the  zenith  of  his  celebrity,  at  the  Royal  Institution.  The 
pieces  of  ice  for  this  experiment  are  fastened  to  the  ends  of  two 
sticks,  and  rubbed  together  in  air  below  the  temperature  of 
32° :  this  Davy  readily  accomplished  on  the  day  of  severe  cold 
at  the  Larigan  river ;  but  when  the  experiment  was  repeated  at 
the  Royal  Institution,  it  was  in  the  vacuum  of  an  air-pump, 
when  the  temperature  of  the  apparatus  and  of  the  surrounding 
air  was  below  32°.  It  was  remarked,  that  when  the  surface 
of  the  rubbing  pieces  was  rough,  only  half  as  much  heat  was 
evolved  as  when  it  was  smooth.  When  the  pressure  of  the  rub- 
bing piece  was  increased  four  times,  the  proportion  of  heat 
evolved  was  increased  sevenfold. 

WARMING  WITH  ICE. 

In  common  language,  any  thing  is  understood  to  be  cooled 
or  warmed  when  the  temperature  thereof  is  made  higher  or 
lower,  whatever  may  have  been  the  temperature  when  the 
chanee  was  commenced.    Thus  it  is  said  that  melted  iron  is 

*  Could  we  by  mechanical  pressure  force  water  into  a  solid  state,  an  immense 
quantity  of  heat  w«Ud  be  set  free. 
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cooled  down  to  a  sub-red  heat,  or  mercury  is  cooled  from  the 
freezing  point  to  zero,  or  far  below.  By  the  same  rule,  solid 
mercury,  say  50°  below  zero,  may,  in  any  climate  or  tempera- 
ture of  the  atmosphere,  be  immediately  warmed  and  melted  by 
being  imbedded  in  a  cake  of  ice. — /Scientific  American. 

REPULSION  BY  HEAT. 

If  water  is  poured  upon  an  iron  sieve,  the  wires  of  which 
fere  made  red-hot,  it  wiU  not  run  through ;  but  on  cooling,  it 
will  pass  through  rapidly.  M.  Boutigny,  pursuing  this  curious 
inquiry,  has  proved  that  the  moisture  upon  the  skin  is  sufficient 
to  protect  it  from  disorganisation  if  the  arm  is  plunged  into 
baths  of  melted  metal.  The  resistance  of  the  surfaces  is  so  great 
that  little  elevation  of  temperature  is  experienced.  Professor 
Pliicker  has  stated,  that  by  washing  the  arm  with  ether  previ- 
ously to  plunging  it  into  melted  metal,  the  sensation  produced 
while  in  the  molten  mass  is  that  of  freezing  coldness. — E. 
Eunt,  F.E.S. 

PROTECTION  FROM  INTENSE  HEAT. 

The  singular  power  which  the  body  possesses  of  resisting 
great  heats,  and  of  breathing  air  of  high  temperatures,  has  at 
various  times  excited  popular  wonder.  In  the  last  century 
some  curious  experiments  were  made  on  this  subject.  Sir 
Joseph  Banks,  Dr.  Solander,  and  Sir  Charles  Blagden,  entered 
a  room  in  which  the  air  had  a  temperature  of  198°  Fahr.,  and 
remained  ten  minutes.  Subsequently  they  entered  the  room 
separately,  when  Dr.  Solander  found  the  heat  210°,  and  Sir 
Joseph  211°,  whilst  their  bodies  preserved  their  natural  degree 
of  heat.  "Whenever  they  breathed  upon  a  thermometer,  it  sank 
several  degrees ;  every  inspiration  gave  coolness  to  their  nostrils, 
and  their  breath  cooled  their  fingers  when  it  reached  them.  Sir 
Charles  Blagden  entered  an  apartment  when  the  heat  was  1° 
or  2°  above  260°;,  and  remained  eight  minutes,  mostly  on  the 
coolest  spot,  where  the  heat  was  above  240°.  Though  very  hot 
Sir  Charles  felt  no  pain  :  during  seven  minutes  his  breathing 
was  good ;  but  he  then  felt  an  oppression  in  his  lungs,  and  his 
pulse  was  144,  double  its  ordinary  quickness.  To  prove  the 
heat  of  the  room,  eggs  and  a  beefsteak  were  placed  upon  a  tin 
frame  near  the  thermometer,  when  in  twenty  minutes  the  eggs 
were  roasted  hard,  and  in  forty-seven  minutes  the  steak  was 
dressed  dry ;  and  when  the  air  was  put  in  motion  by  a  pair  of 
bellows  upon  another  steak,  part  of  it  was  well  done  in  thirteen 
mmutes.  It  is  remarkable,  that  in  these  experiments  the  same 
person  who  experienced  no  inconvenience  from  air  heated  to 
2]  1°,  could  just  bear  rectified  spuits  of  wine  at  130°,  cooling  oil 
at  129°,  cooling  water  at  123°,  and  cooling  quicksilver  at  117° 
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Sir  Francis  Chantrey,  the  sculptor,  however,  exposed  himself 
to  a  temperature  still  higher  than  any  yet  mentioned,  as  de- 
scribed by  Sir  David  Brewster : 

The  furnace  which  he  employs  for  drying  his  moulds  is  about  fourteen 
feet  long,  twelve  feet  high,  and  twelve  feet  broad.  When  it  is  raised  to 
its  highest  temperature,  with  the  doors  closed,  the  thermometer  stands 
at  350°  and  the  iron  floor  is  red-hot.  The  workmen  often  enter  it  at 
a  temperature  of  340°,  walking  over  the  iron  floor  with  wooden  clogs, 
which  are  of  course  charred  on  the  surface.  On  one  occasion,  Mr.  Chan- 
trey, accompanied  by  five  or  six  of  his  friends,  entered  the  furnace  ;  and 
after  remaining  two  minutes  they  brought  out  a  thermometer  which 
stood  at  320°.  Some  of  the  party  experienced  sharp  pams  in  the  tips 
of  their  ears  and  in  the  septum  of  the  nose,  while  others  felt  a  pain  in 
their  e^Qs,.— Natural  Magic,  1833. 

In  some  cases  the  clothing  worn  by  the  experimenters  con- 
ducts away  the  heat.  Thus,  in  1828,  a  Spaniard  entered  a  heated 
oven,  at  the  New  Tivoli,  near  Paris ;  he  sang  a  song  while  a 
fowl  was  roasted  by  his  side,  he  then  ate  the  fowl  and  drank  a 
bottle  of  wine,  and  on  coming  out  his  pulse  beat  176",  and  tne 
thermometer  was  at  110°  Reaumur.  He  then  stretched  him- 
self upon  a  plank  in  the  oven  surrounded  by  hghted  candles, 
when  the  mouth  of  the  oven  was  closed;  he  remamed  there 
five  minutes,  and  on  being  taken  out,  a-U  the  candles  were  ex- 
tinguished and  melted,  and  the  Spaniard's  P'^lse  beat  200 
Now  much  of  the  surprise  ceases  when  it  is  added  that  he 
wore  wide  woollen  pantaloons,  a  loose  mantle  of  wool,  and  a 
great  quilted  cap ;  the  several  materials  of  this  clothing  bemg 

bad  conductors  of  heat.    T.-t,-x  ;i  „;rv,;io,. 

In  1829  M.  Chabert,  the  «Fire-King,"  exhibited  similar 
feats  at  the  Argyll  Rooms  in  Regent  Street.  He  first  swal- 
lowed forty  gi-ains  of  phosphorus,  then  two  spoonfuls  of  oil  at 
W  and  next  held  his  head  over  the  fumes  of  sulphuric  acid. 
He  had  p?e^ously  provided  himself  with  an  antidote  for  the 
Ssofof^thrphosp Dressed  in  a  loose  woollen  coat  he 
then  entered  a  heated  oven,  and  in  five  minutes  cooked  two 
fiSs  he  then  came  out  of  the  oven,  when  the  thermometer 
sJood  at  380°    Upon  another  occasion,  at  White  Conduit  House, 

Sen"reti^^  tissue  is  an 

extremely  bad  conductor ;  and  to  this  in  a  great  measure  the 

the  8ur£ace. 
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MAGNETIC  HYPOTHESES. 

As  an  instance  of  the  obstacles  which  erroneous  hypotheses 
throw  in  the  way  of  scientific  discovery,  Professor  Fai-aday  ad- 
duces the  unsuccessful  attempts  that  had  been  made  in  Eng- 
land to  educe  Magnetism  from  Electricity  until  Oersted  showed 
the  simple  way.    Faraday  relates,  that  when  he  came  to  the 
Koyal  Institution  as  an  assistant  in  the  laboratory,  he  saw 
Davy,  Wollaston,  and  Young  trying,  by  every  way  that  sug- 
gested itself  to  them,  to  produce  magnetic  effects  from  an  elec- 
tnc  current ;  but  having  their  minds  diverted  from  the  true 
course  by  their  existing  hypotheses,  it  did  not  occur  to  them 
to  try  the  effect  of  holding  a  wire  through  which  an  electric 
current  was  passing  over  a  suspended  magnetic  needle.  Had 
they  done  so,  as  Oersted  afterwards  did,  the  immediate  de- 
flection of  the  needle  would  have  proved  the  magnetic  property 
of  an  electnc  current.  Faraday  has  shown  that  the  magnetism 
of  a  steel  bar  is  caused  by  the  accumulated  action  of  aU  the 
particles  of  which  it  is  composed  :  this  he  proves  by  first  mae- 
netising  a  smaU  steel  bar,  and  then  breaking  it  successively 
finto  smaller  and  smaller  pieces,  each  one  of  which  possesses  a 
iBeparate  pole ;  and  the  same  operation  may  be  continued  until 
he  particles  become  so  smaU  as  not  to  be  distinguishable  with- 
out a  microscope. 

Mf.I^-  "^""^t  ^"""^        ^nmhev  of  the  Philosophical 

mgazine,  wherein  also  we  find  the  following  noble  tribute  to 
Bhe  gemus  and  pubhc  and  private  worth  of  Faraday : 

i  maSlfFii^rr''  appreciate  the  national  value  of  such 

t  man  as  *  araday.   He  does  not  work  to  please  the  pubhc  nor  to  win 

irom  xiaiaklava  to  Varna.   Had  this  man  converted  his  talent 
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to  commercial  purposes,  as  so  many  do,  we  should  not  like  to  set  alimit 
S  hir^SSonal  income.  The  quality  of  his  services  cannot  be  ex- 
nriS<f  bv  P^Ss  ;Tut  that  brave  lody,  which  for  forty  years  has  been 
EhT^ftSnt  of  that  great  soul,  is  a  %-^^^<^\^: ^^^"^^^^^^^ 
the  achievements  of  the  man  are,  or  will  one  day  be,  the  object  ot  a 
nation!s  pride  and  gratitude. 

THE  CHINESE  AM)  THE  MAGNETIC  NEEDLE. 

More  than  a  thousand  years  before  our  era,  a  people  Uving 
in  the  extremest  eastern  portions  of  Asxa  had  magnetic  carn- 
ages on  which  the  movable  arm  of  the  figure  of  a  nian  con- 
SaUy  pointed  to  the  south,  as  a  guide  by  which  to  find  the 
l";SsThe  boundless  gras's-plains  of  Tartary  ;  nay  even  m 
the  third  century  of  our  era,  therefore  at  least  700  years  be- 
fore the  use  of  tS  mariner's  compass  in  European  seas,  Chmese 
vessels  na^ated  the  Indian  Ocean  under  the  direction  of 
Magnetic  Needles  pointing  to  the  soutn. 

KIECHER'S  "  MAGNETISM." 

More  than  two  centuries  since,  Athanasius  Kircher  pub- 1 
lishfd  his  stmnge  book  on  Magnetism,  in  which  he  anticipated! 
the  supposed  vS^ue  of  magnetic  traction  in  the  curative  art 
and  advocated  the  magnetism  of  the  sun  and  moon,  of  the 
S^xSng^od  and  showfd  his  firm  belief  in  aimnal  ^eti^-  • 

Uofthespu-alform^e^^^^^^^^^ 

^tTsefbutX  resurofr^l^^^^^ 

iervation ;  and  the  universahty  of  magnetism  is  now  <uux 

recognised  by  philosophers. 

MINUTE  MEASUREMENT  OF  TIME.  ,  ,  J 

Fhenontena  o/Ifatitre.  t»»uou,  icriot  I 
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in  attaching  a  mirror  to  the  magnet  and  determining  the  con- 
stant fe,ctor  necessary  to  convert  the  differences  of  oscillation 
into  differences  of  time,  Professor  Helmholtz  has  been  able, 
with  comparatively  simple  apparatus,  to  make  accurate  deter- 
minations up  to  the  i6o6oth  part  of  a  second. 

POWEE  OF  A  MAGNET. 

The  Power  of  a  Magnet  is  estimated  by  the  weight  its  poles 
are  able  to  carry.  Each  pole  singly  is  able  to  support  a  smaller 
weight  than  when  they  both  act  together  by  means  of  a  keeper, 
for  which  reason  horse-shoe  magnets  are  superior  to  bar  mag- 
nets of  similar  dimensions  and  character.  It  has  further  been 
ascertained  that  small  magnets  have  a  much  greater  relative 
force  than  large  ones. 

When  magnetism  is  excited  in  a  piece  of  steel  in  the  ordi- 
pary  naode,  by  friction  with  a  magnet,  it  would  seem  that  its 
inductive  power  is  able  to  overcome  the  coercive  power  of  the 
Steel  only  to  a  certain  depth  below  the  surface ;  hence  we  see 
why  small  pieces  of  steel,  especially  if  not  very  hard,  are  able 
to  carry  greater  relative  weights  than  large  magnets.  Sir  Isaac 
Newton  wore  in  a  ring  a  magnet  weighing  only  3  grains,  which 
would  lift  760  grains,  i.  e,  250  times  its  own  weight. 
'    Bar-magnets  are  seldom  found  capable  of  carrying  more 
than  their  own  weight ;  but  horse-shoe  magnets  of  sinular  steel 
will  bear  considerably  more.   SmaU  ones  of  from  half  an  ounce 
to  1  ounce  in  weight  wUl  cany  from  30  to  40  times  their  own 
weight ;  while  such  as  weigh  from  1  to  2  lbs.  will  rarely  carry 
inore  than  from  10  to  15  times  their  weight.  The  writer  found 
a  1  lb.  horse-shoe  magnet  that  he  impregnated  by  means  of  the 
feeder  able  to  bear  26^  times  its  own  weight ;  and  Fischer,  hav- 
ing adopted  the  like  mode  of  magnetising  the  steel,  which  he 
also  carefully  heated,  has  made  magnets  of  from  1  to  3  lbs. 
weight  that  would  carry  30  times,  and  others  of  from  4  to  6  lbs. 
Wfcight  that  would  carry  20  times,  their  own  weight.— Pro/mor 
Peschel. 

HOW  ARTIFICIAL  MAGNETS  ARE  MADE. 

In  1750,  Mr.  Canton,  F.R.S.,  "one  of  the  most  successful 
experimenters  in  the  golden  age  of  electricity,"*  communicated 
fca  the  Royal  Society  his  "  Method  of  making  Artificial  Mag- 
nets without  the  use  of  natural  ones."  This  he  effected  by 
using  a  poker  and  tongs  to  communicate  magnetism  to  steel 
bars.  He  derived  his  first  hint  from  observing  them  one  even- 
ing, as  he  was  sittmg  by  the  fire,  to  be  nearly  in  the  same  di- 
rection with  the  earth  as  the  dipping  needle.  He  thence  con- 
cluded that  they  must,  from  their  position  and  the  frequent 

*  Canton  was  the  first  who  in  England  verified  Dr.  Franklin's  idea  ol  Uia 
iumilarity  of  ligtituuig  and  the  electric  fluid,  July  1752, 
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blows  they  receive,  have  acquired  some  magnetic  virtue,  which 
on  trial  he  found  to  be  the  case ;  and  therefore  he  employed 
them  to  impregnate  his  bars,  instead  of  havmg  recourse  to  the 
natural  loadstone.  Upon  the  reading  of  the  above  paper,  Can- 
ton exhibited  to  the  Royal  Society  his  experiments,  for  which 
the  Copley  Medal  was  awarded  to  him  in  1751. 

Canton  had,  as  early  as  1747,  turned  his  attention  with 
complete  success,  to  the  production  of  powerful  artificial  mag- 
nets,  principally  in  consequence  of  the  expense  of  procuring 
those  made  by  Dr.  Gowan  Knight,  who  kept  his  process  secret. 
Canton  for  several  years  abstained  from  communicating  his 
method  even  to  his  most  intimate  friends,  lest  it  might  be 
iniurious  to  Dr.  Knight,  who  procured  considerable  pecuniary 
advantages  by  touching  needles  for  the  ma^-iner's  compass. 

At  length  Dr.  Knight's  method  of  making  artificial  magnets 
was  communicated  to  the  world  by  Mr.  Wilson,  in  a  paper 
publisEn  the  69th  volume  of  the  Philosophtcal  Transa  fo^- 
&e  p  oSked  himself  with  a  large  quantity  f  P^^"  Xo^  S 
which  he  put  into  a  capacious  tub  about  half  full  ot  clear 
wa  er  •  he  Ten  agitated  the  tub  to  and  fvo  for  several  houre, 
S  tbe  filines  were  reduced  by  attrition  to  an  almost  im- 
nalnable  poX  powder  was  then  dried,  and  fomed 

inKaste^  b7admixto  ^th  Unseed-oil.  The  paste  was  then 
moXd  into  convenient  shapes,  which  were  exposed  to  a  mo- 
rSeafuntU  they  had  attaiiled  a  sufficient  degree  of  hard- 

'"l-aer  allo^ng  them  to  n^t"^^^^ 

Knight  gave  them  their  magnetic  virtue  in  any      ^t^ui       ^  j  ^ 

by  llacifg  them  between  the  extreme  ^^^SiS^  By  this 

•  artificial  magnets  for  a  ^^^^.^^/^^^^^V  t^aVXraTone  of  these 
method  the  virtue  they  acquired  was  such  ttot  wnen  an^^^^ 

pieceswas  held  between  2.^^^^^^^  ita 

sufficient  to  coimteract.  v^™  mt^Ti+ioned 

Dr  Knight's  powerful  battery  of  magnets  above  ^ention^^ 
is  in  Jiie  posission  of  the  Royal  Society,  having  been  presented 
by  Dr.  John  Fothergill  in  1776. 

POWEE  OF  THE  SUN'S  BAYS  IN  INCEEASING  THE  STEENGTH 

OF  MAGNETS. 

Professor  Barlocci  found  that  an  -J^^.^^^^^^^ 
which  would  carry  li  Roman  pounds  ^^^^^'J^^^'^  ^, 
doubled  by  twenty-four  hours'  ^.Xrhorsl^^^ 
the  sun.   M.  ZantedeBohi  found  that  an  artincm^^^^ 

loadstone,  which  earned  13i  oz  ^^^^^^^^^^Suing  it  in  the 
^Sril^rt  ^lrj:t  wh^e^ngth  m^creased  ia 
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oxidated  magnets,  it  diminished  in  those  which  were  not  oxi- 
dated, the  diminution  becoming  insensible  when  the  loadstone 
was  highly  polished.  He  now  concentrated  the  solar  rays  upon 
the  loadstone  by  means  of  a  lens ;  and  he  found  that,  both  in 
oxidated  and  polished  magnets,  they  acquire  strength  when 
their  north  pole  is  exposed  to  the  sun's  rays,  and  lose  strength 
when  the  south  pole  is  exposed. — Sir  Davui  Brewster. 

COLOUB  OF  A  BODY  AND  ITS  MAGNETIC  PEOPERTEES. 

Solar  rays  bleach  dead  vegetable  matter  with  rapidity,  whiitt 
in  living  parts  of  plants  their  action  is  frequently  to  strengthen 
the  colour.    Their  power  is  perhaps  best  seen  on  the  sides  of 

Eeaches,  apples,  <fec.,  which,  exposed  to  a  midsummer's  sun, 
ecome  highly  coloured.  In  the  open  winter  of  1850,  Mr.  Adie, 
of  Liverpool,  found  in  a  wallflower  plant  proof  of  a  like  effect : 
in  the  dark  months  there  was  a  slow  succession  of  one  or  two 
flowers,  of  uniform  pale  yellow  hue ;  in  March  streaks  of  a 
darker  colour  appeared  on  the  flowers,  and  continued  to  slowly 
increase  till  in  April  they  were  variegated  brown  and  yellow, 
of  rich  strong  colours.  On  the  supposition  that  these  changes 
are  referable  to  magnetic  properties,  may  hereafter  be  explained 
Mrs.  Somerville's  experiments  on  steel  needles  exposed  to  the 
sun's  rays  under  envelopes  of  silk  of  various  colours ;  the  mag- 
netisation of  steel  needles  has  failed  in  the  coloured  rays  of  the 
spectrum,  but  Mr.  Adie  considers  that  under  dyed  silk  the  ef- 
fect will  hinge  on  the  chemical  change  wrought  in  the  silk  and 
its  dye  by  the  solar  rays. 

THE  ONION  AND  MAGNETISM. 

A  popular  notion  has  long  been  current,  more  especially  on 
the  shores  of  the  Mediterranean,  that  if  a  magnetic  rod  be 
rubbed  with  an  onion,  or  brought  in  contact  with  the  emana- 
tions of  the  plant,  the  directive  force  will  be  diminished,  while 
a  compass  thus  treated  will  mislead  the  steersman.  It  is  diffi- 
cult to  conceive  what  could  have  given  rise  to  so  singular  a 
popular  error.*— SumboWs  Cosmos,  vol.  v. 

DECLINATION  OF  THE  NEEDLE — THE  EARTH  A  MAGNET. 

T>  J^f  ^Inclination  or  Dip  of  the  Needle  was  first  recorded  by 
Kobert  J^orman,  m  a  scarce  book  published  in  1576  entitled  Tke 
IS ew  Attractive;  containing  a  short  Discmrse  of  the  Maanet  or 
Loadstone,  <&c.  ^ 

Columbus  has  not  only  the  merit  of  being  the  first  to  dis- 
:over  a  tine  wuhout  rmgn^ic  variation,  but  also  of  having  first 
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excited  a  taste  for  the  study  of  terrestrial  magnetism  in  Europe, 
by  means  of  his  observations  on  the  progressive  increase  of 
western  declination  in  receding  from  that  line. 

The  first  chart  showing  the  variation  of  the  compass,*  or 
the  declination  of  the  needle,  based  on  the  idea  of  employing 
curves  drawn  through  points  of  equal  declination,  is  due  to 
Halley,  who  is  justly  entitled  the  father  and  founder  of  terres- 
trial magnetism.  And  it  is  curious  to  find  that  in  No.  195  of 
the  Phitosophioat  Transactions,  in  1683,  Halley  had  previously 
expressed  his  belief  that  he  has  put  it  past  doubt  that  the 
globe  of  the  earth  is  one  great  magnet,  having  four  raagnetical 
poles  or  points  of  attraction,  near  each  pole  of  the  equator  two; 
and  that  in  those  parts  of  the  world  which  lie  near  adjacent  to 
any  one  of  those  magnetical  poles,  the  needle  is  chiefly  go- 
verned thereby,  the  nearest  pole  being  always  predominant 
over  the  more  remote. 

"  To  Halley"  (says  Sir  John  Herschel)  "  we  owe  the  first  ap- 
preciation of  the  real  complexity  of  the  subject  of  magnetism. 
It  is  wonderful  indeed,  and  a  striking  proof  of  the  penetration 
and  sagacity  of  this  extraordinary  man,  that  with  his  means  of 
iuformaiixon  he  should  have  been  able  to  draw  such  conclusions, 
and  to  take  so  large  and  comprehensive  a  view  of  the  subject 
as  he  appears  to  have  done. " 

Apd,  in  our  time,  "  the  earth  is  a  great  magnet,  says 
Faraday :  '*  its  power,  according  to  Gauss,  being  equal  to  that 
which  would  be  conferred  if  every  cubic  yard  of  it  contained 
six  one-pound  magnets  ;  the  sum  of  the  force  is  therefore  equal 
to  8,464,000,000,000,000,000,000  such  magnets." 

THE  AURORA  BOREALIS. 

Halley,  upon  Ws  return  fi:om  his  voyage  to  verify  his  theory 
of  the  variation  of  the  compass,  in  1700,  hazarded  the  conjec- 
ture that  the  Aurora  Borealis  is  a  magnetic  phenomenon.  Ana 
Faraday's  brilliant  discovery  of  the  evolution  of  hght  by  mag 
netism  has  raised  HaUey's  hypothesis,  enounced  in  1714,  to 
the  rank  of  an  experimental  certainty. 

EFFECT  OF  LIGHT  ON  THE  MAGNET. 

In  1854,  Sir  John  Boss  stated  to  the  British  Association,  in 
proof  of  the  effect  of  every  description  of  Ught  on  the  magnet, 
that  during  his  last  voyage  in  the  Felix,  when  frozen  m  about 
one  hundred  miles  north  of  the  magnetic  pole,  he  concentrated 

•  The  first  Variation-Compass  was  constrnoted,  before  1525,  by  an  m&enions 
at)othe^^fSe^le-Fellsse  Guillen.   So  earnest  were  tbe  endeavours  to  learn 

Uutaboldt. 
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the  rays  of  the  full  moon  on  the  magnetic  needle,  when  he  foun<J 
it  was  five  degrees  attracted  by  it. 

MAGNETO-ELECTEICITY. 

In  1820,  the  Copley  Medal  was  adjudicated  to  M.  Oersted 
of  Copenhagen,  "  when,"  says  Dr.  Whewell,  "  the  philosopher 
announced  that  the  conducting-wire  of  a  voltaic  circuit  acts 
upon  a  magnetic  needle ;  and  thus  recalled  into  activity  that 
endeavour  to  connect  magnetism  with  electricity  which,  though 
apparently  on  many  accounts  so  hopeful,  had  hitherto  been  at- 
tended with  no  success.  Oersted  found  that  the  needle  has  a 
tendency  to  place  itself  at  riffkt  angles  to  the  wire  ;  a  kind  of 
action  altogether  different  from  any  which  had  been  suspected." 

ELECTEO-MAGNETS  OF  THE  HOESE-SHOE  FOEM 

Were  discovered  by  Sturgeon  in  1825.  Of  two  Magnets  made  by 
a  process  devised  by  M.  Elias,  and  manufactured  by  M.  Loge- 
meur  at  Haerlem,  one,  a  single  horse-shoe  magnet  weighing 
about  1  lb.,  lifts  28^  lbs. ;  the  other,  a  triple  horse-shoe  magnet 
of  about  10  lbs.  weight,  is  capable  of  lifting  about  150  lbs.  Si- 
milar magnets  are  made  by  the  same  person  capable  of  sup- 
porting 5  cwt.  In  the  process  of  making  them,  a  helix  of 
copper  and  a  galvanic  battery  are  used.  The  smaller  magnet 
has  twice  the  power  expressed  by  Haecker's  formula  for  the 
best  artificial  steel  magnet. 

Subsequently  Henry  and  Ten  Eyk,  in  America,  constructed 
some  electro-magnets  on  a  large  scale.  One  horse-shoe  magnet 
I  made  by  them,  weighing  60  lbs.,  would  support  more  than 
2000  lbs. 

In  September  1858,  there  were  constructed  for  the  Atlan- 
tic-telegraph cable  at  Valentia  two  permanent  magnets,  from 
which  the  electric  induction  is  obtained  :  each  is  composed  of 
30  horse-shoe  magnets,  2^  feet  long  and  from  4  to  6  inches 
broad ;  the  mduction  coils  attached  to  these  each  contain  six 
mUes  of  mre,  and  a  shock  from  them,  if  passed  thiough  the 
human  body,  would  be  sufficient  to  destroy  life. 

EOTATION-MAGNETISM. 

•  tJof  ^"expected  discovery  of  Rotation-Magnetism  by  Araffo 
in  1825,  has  shown  practicaUy  that  every  kind  of  matter  is  sus- 
ceptible of  magnetism ;  and  the  recent  investigations  of  Eara- 
day  on  diamagnetic  substances  have,  under  special  conditions 
of  mendian  or  equatorial  direction,  and  of  soUd,  fluid,  or  gaseous 
inactive  conditions  of  the  bodies,  confirmed  this  important  re- 
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INFLUENCE  OF  PENDULUMS  ON  EACH  OTHER. 

About  a  century  eince  it  became  known,  that  when  two 
clocks  are  in  action  upon  the  same  shelf,  they  will  disturb  each 
other :  that  the  pendulum  of  the  one  will  stop  that  of  the  other ; 
and  that  the  pendulum  that  was  stopped  will  after  a  while  re- 
sume its  vibrations,  and  in  its  turn  stop  that  of  the  other  clock. 
When  two  clocks  are  placed  near  one  another  in  cases  very 
slightly  fixed,  or  when  they  stand  on  the  boards  of  a  floor,  they 
will  affect  a  little  each  other's  pendulum,  Mr.  Ellicote  observed 
that  two  clocks  resting  against  the  same  rail,  which  agreed  to  a 
second  for  several  days,  varied  one  minute  thirty-six  seconds  in 
twenty-four  hours  when  separated.  The  slower,  having  a  longer 
pendulum,  set  the  other  in  motion  in  16J  minutes,  and  stopped 
itself  in  36§  minutes. 

WEIGHT  OF  THE  EARTH  ASCERTAINED  BY  THE  PENDULUM. 

By  a  series  of  comparisons  with  Pendulums  placed  at  the 
surface  and  the  interior  of  the  Earth,  the  Astronomer-Royal  has 
ascertained  the  variation  of  gravity  in  descending  to  the  bottom 
of  a  deep  mine,  as  the  Harton  coal-pit,  near  South  Shields.  By 
calculations  from  these  experiments,  he  has  found  the  mean 
density  of  the  earth  to  be  6-566,  the  specific  gravity  of  water 
being  represented  by  \inity.  In  other  words,  it  has  been  ascer- 
tained by  these  experiments  that  if  the  earth's  mass  possessed 
every  where  its  average  density,  it  would  weigh,  bulk  for  bulk, 
6-566  times  as  much  as  water.  It  is  curious  to  note  the  dif- 
ferent values  of  the  earth's  mean  density  which  have  been 
obtained  by  different  methods.  The  SchehaUien  experiment 
indicated  a  mean  density  equal  to  about  4^  ;  the  Cavendish 
Apparatus,  repeated  by  Baily  and  Reich,  about  6^  ;  and  Pro- 
fessor Airy's  pendulum  experiment  furnishes  a  value  amountmg 

to  about  6^.  ,  <.  .  1.    «  i. 

The  immediate  result  of  the  computations  of  the  Astro- 
nomer-Royal is  :  supposing  a  clock  adjusted  to  go  true  time  at 
the  top  of  the  mine,  it  would  gain  2i  seconds  per  day  at  the 
bottom.  Or  it  may  be  stated  thus  :  that  gravity  is  gi-eater  at 
the  bottom  of  a  mine  than  at  the  top  by  .^^th  part.— Xetter  to 
James  Mather,  Esq.,  Smth  Shields.  See  also  Professor  Airy  s  Lec- 
ture, 1864. 

ORIGIN  OF  TERRESTRIAL  MAGNETISM. 

The  earliest  view  of  Terrestrial  Magnetism  supposed  the  ex- 
istence of  a  magnet  at  the  earth's  centre.  As  this  does  not  ac- 
cord with  the  observations  on  declination,  inclmation,  and  in- 
tensity, Tobias  Meyer  gave  this  fictitious  magnet  an  eccentric 
position,  placing  it  one-seventh  part  of  the  earth  s  radius  from 
the  centre.  Hansteen  imagined  that  there  were  two  such  mag- 


Curiosities  of  Science. 


m 


nets,  diflferent  in  position  and  intensity.  Ampere  set  aside  these 
unsatisfactory  hypotheses  by  the  view,  derived  from  his  discov- 
ery, that  the  earth  itself  is  an  electro-magnet,  magnetised  by  an 
electric  current  circulating  about  it  from  east  to  west  perpen- 
dicularly to  the  plane  of  the  magnetic  meridian,  to  which  the 
same  currents  give  direction  as  well  as  magnetise  the  ores  of 
iron :  the  currents  being  thermo-electric  currents,  excited  by  the 
action  of  the  sun's  heat  successively  on  the  diflferent  parts  of  the 
earth's  surface  as  it  revolves  towards  the  east. 

William  Gilbert,*  who  wrote  an  able  work  on  magnetic  and 
electric  forces  in  the  year  1600,  regarded  terrestrial  magnetism 
and  electricity  as  two  emanations  of  a  single  fundamental  source 
pervading  all  matter,  and  he  therefore  treated  of  both  at  once. 
According  to  Gilbert's  idea,  the  earth  itself  is  a  magnet ;  whilst 
he  considered  that  the  inflections  of  the  lines  of  equal  declina- 
tion and  inclination  depend  upon  the  distribution  of  mass,  the 
configuration  of  continents,  or  the  form  and  extent  of  the  deep 
intervening  oceanic  basins. 

Till  within  the  last  eighty  years,  it  appears  to  have  been  the 
received  opinion  that  the  intensity  of  terrestrial  magnetism  was 
the  same  at  all  parts  of  the  earth's  surface.  In  the  instructions 
drawn  up  by  the  French  Academy  for  the  expedition  under  La 
P^rouse,  the  first  intimation  is  given  of  a  contrary  opinion.  It 
is  recommended  that  the  time  of  vibration  of  a  dipping-needle 
should  be  observed  at  stations  widely  remote,  as  a  test  of  the 
equality  or  difference  of  the  magnetic  intensity ;  suggesting  also 
that  such  observations  should  particularly  be  made  at  those  parts 
of  the  earth  where  the  dip  was  greatest  and  where  it  was  least. 
The  experiments,  whatever  their  results  may  have  been,  which, 
in  compliance  with  this  recommendation,  were  made  in  the  ex- 
pedition of  La  P6rouse,  perished  in  its  general  catastrophe ;  but 
the  instructions  survived. 

In  1811,  Hansteen  took  up  the  subject,  and  in  1819  pub- 
lished his  celebrated  work,  clearly  demonstrating  the  fluctua- 
tions which  this  element  has  undergone  during  the  last  two 
centuries ;  confirming  in  great  detail  the  position  of  Halley, 
that  "  the  whole  magnetic  system  is  in  motion,  that  the  mov- 
ing force  is  very  great  as  extending  its  effects  from  pole  to  pole, 
and  that  its  motion  is  not  per  solium,  but  a  gradual  and  regular 
motion."  ^ 

THE  NORTH  AND  SOUTH  MAGNETIC  POLES. 

The  knowledge  of  the  geographical  position  of  both  Mag- 
netic Poles  is  due  to  the  scientific  energy  of  the  same  naviga- 

♦  Gilbert  wa8  surgeon  to  Queen  Elizabeth  and  James  I.,  and  died  in  1603. 
AfTifo'l  *f  important  place  among  the  "  practical  reformers 

JL'/iSf ?®  adopted  the  Copemican  doctrine,  which  Lord  Ba- 
con 8  inlerior  aptitude  for  physical  research  led  him  to  reject. 
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tor,  Sir  James  Ross.  His  observations  of  the  Northern  Mag- 
netic Pole  were  made  during  the  second  expedition  of  his  uncle, 
Sir  John  Ross  (1829-1833) ;  and  of  the  Southern  during  the 
Antarctic  expedition  under  his  own  command  (1839-1843).  The 
Northern  Magnetic  Pole,  in  70°  5'  lat.,  96°  43'  W.  long.,  is  5°  of 
latitude  farther  from  the  ordinary  pole  of  the  earth  than  the 
Southern  Magnetic  Pole,  75°  35'  lat.,  154°  10'  E.  long. ;  whUst 
it  is  also  situated  farther  west  from  Greenwich  than  the  North- 
ern Magnetic  Pole.  The  latter  belongs  to  the  great  island  of 
Boothia  Felix,  which  is  situated  very  near  the  American  conti- 
nent, and  is  a  portion  of  the  district  which  Captain  Parry  had 
previously  named  North  Somerset.  It  is  not  far  distant  from 
the  western  coast  of  Boothia  Felix,  near  the  promontory  of  Ade- 
laide, which  extends  into  King  William's  Sound  and  Victoria 

Strait.  ,     ,  ,  J  • 

The  Southern  Magnetic  Pole  has  been  directly  reached  m 
the  same  manner  as  the  Northern  Pole.  On  17th  February 
1841,  the  Erebus  penetrated  as  far  as  76°  12'  S.  lat.,  and  164 
E.  long.  As  the  inclination  was  here  only  88°  40',  it  was  assumed 
that  the  Southern  Magnetic  Pole  was  about  160  nautical  miles 
distant.  Many  accurate  observations  of  declination,  detennm- 
ing  the  intersection  of  the  magnetic  meridian,  render  it  very 
probable  that  the  South  Magnetic  Pole  is  situated  in  the  inte- 
rior of  the  great  Antarctic  region  of  South  Victoria  Land,  west 
of  the  Prince  Albert  mountains,  which  approach  the  South  Pole 
and  are  connected  with  the  active  volcano  of  Erebus,  which  is 
12,400  feet  in  height. — HmnboWs  CosmoSy  vol.  v. 

MAGNETIC  STORMS. 

The  mysterious  course  of  the  magnetic  needle  is  equally  af- 
fected by  time  and  space,  by  the  sun's  course,  and  by  chaiiges 
of  place  on  the  earth's  surface.  Between  the  tropics  the  hour 
of  the  day  may  be  known  by  the  direction  of  the  needle  as  weU 
as  by  the  osciUations  of  the  barometer.  It  is  affected  mstantly, 
but  transiently,  by  the  northern  light. 

When  the  uniform  horary  motion  of  the  needle  is  disturbed 
by  a  magnetic  storm,  the  perturbation  manifests  itself  simuita- 
r{eously,  m  the  strictest  sense  of  the  word,  over  hundreds  and 
thousands  of  miles  of  sea  and  land,  or  propagates  itsell  by  de- 
grees in  short  intervals  every  where  over  the  earth  s  surface. 

Among  numerous  examples  of  perturbations  occurrmg  simul- 
taneously and  extending  over  wide  portions  of  the  eaxth  s  sur- 
face, one  of  the  most  remarkable  is  that  of  September  25th,  1841, 
which  was  observed  at  Toronto  in  Canada  at  the  Cape  of  Good 
Hope,  at  Prague,  and  partiaHy  in  Van  I)iemens  Land,  bar 
bine  adds,  "The  English  Sunday,  on  which  it  is  deemed 
ful,  after  midnight  on  Saturday,  to  register  an  observation,  and 
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to  follow  out  the  great  phenomena  of  creation  in  their  perfect 
development,  interrupted  the  observation  in  VanDiemen's  Land, 
yrhere,  in  consequence  of  the  diflference  of  the  longitude,  the 
magnetic  storm  fell  on  Sunday." 

It  is  but  justice  to  add,  that  to  the  direct  instrumentality  of  the  Bri- 
tish Association  we  are  indebted  for  this  system  of  observation,  which 
would  not  have  been  possible  without  some  such  machinery  for  concerted 
action.  It  being  known  that  the  magnetic  needle  is  subject- to  oscilla- 
tions, the  nature,  the  periods,  and  the  laws  of  which  wer&xmascertained, 
under  the  direction  of  a  committee  of  the  Association  magnetic  observa- 
tories were  estabhshed  in  various  places  for  investigating  these  strango 
disturbances.  As  might  have  been  anticipated,  regularly  recurring  per- 
turbations were  noted,  depending  on  the  hour  of  the  day  and  the  season 
of  the  year.  Magnetic  storms  were  observed  to  sweep  simultaneously  over 
the  whole  face  of  the  earth,  and  these  too  have  now  been  ascertained  to 
follow  certain  periodic  laws. 

But  the  most  startling  result  of  the  combined  magnetic  observations 
is  the  discovery  of  marked  perturbations  recurring  at  intervals  of  ten' 
years  ;  a  period  which  seemed  to  have  no  analogy  to  any  thing  in  the 
universe,  but  which  M.  Schwabe  has  found  to  correspond  with  the  varia- 
tion of  the  spots  on  the  sun,  both  attaining  their  maximum  and  mini- 
mum developments  at  the  same  time.  Here,  for  the  present,  the  dis- 
covery stops  ;  but  that  which  is  now  an  unexplained  coincidence  may 
hereafter  supply  the  key  to  the  nature  and  source  of  Terrestrial  Magne- 
tism :  or,  as  Dr.  Lloyd  observes,  this  system  of  magnetic  observation' 
has  gone  beyond  our  globe,  and  opened  a  new  range  for  inquiry,  by 
showing  us  that  this  wondrous  agent  has  power  in  other  parts  of  the 
aolar  system. 

FAMILIAE  GALVANIC  EFFECTS. 

By  means  of  the  galvanic  agency  a  variety  of  surprising 
effects  have  been  produced.  Gunpowder,  cotton,  and  other  in- 
flammable substances  have  been  set  on  fire ;  charcoal  has  been 
made  to  bum  with  a  brilliant  white  flame ;  water  has  been  de-r 
composed  into  its  elementary  parts  ;  metals  have  been  melted 
and  set  on  fire ;  fragments  of  diamond,  charcoal,  and  plumbago 
have  been  dispersed  as  if  evaporated  j  platina,  the  hardest  and 
the  heaviest  of  the  metals,  has  been  melted  as  readily  as  wax 
in  the  flame  of  a  candle  ;  the  sapphire,  quartz,i  magnesia,  lime, 
and  the  firmest  compounds  in  nature,  have  been  fused.  Its 
effects  on  the  animal  system  are  no  less  surprising. 

The  agency  of  galvanism  explains  why  porter  has  a  different 
and  more  pleasant  taste  when  drunk  out  of  a  pewter-pot  than 
out  of  glass  or  earthenware ;  why  works  of  metal  which  are 
soldered  together  soon  tarnish  in  the  place  where  the  metals  are 
joined  ;  and  why  the  copper  sheathing  of  ships,  when  fastened 
with  iron  nails,  is  soon  corroded  about  the  place  of  contact.  In 
.all  these  cases  a  galvanic  circle  is  formed  which  produces  the 
effects. 

THE  SIAMESE  TWINS  GALVANISE!* 

It  will  be  recollected  that  the  Siamese  twins,  brought  to 
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England  in  the  year  1829,  were  united  by  a  jointed  cartilagi- 
nous band.  A  silver  tea-spoon  being  placed  on  the  tongue  of 
one  of  the  twins  and  a  disc  of  zinc  on  the  tongue  of  the  other, 
the  moment  the  two  metals  were  brought  into  contact  both 
the  boys  exclaimed,  "  Sour,  sour  ;"  thus  proving  that  the  gal- 
vanic influence  passed  from  the  one  to  the  other  through  the 
connecting  band. 

MINUTE  AND  VAST  BATTERIES. 

Dr.  Wollaston  made  a  simple  apparatus  out  of  a  silver  thim- 
ble, with  its  top  cut  oflF.  It  was  then  partially  flattened,  and 
a  snjall  plate  of  zinc'being  introduced  into  it,  the  apparatus  was 
immersed  in  a  weak  solution  of  sulphuric  acid.  With  this  mi- 
nute battery,  Dr.  Wollaston  was  able  to  fuse  a  wire  of  platinum 
5^th  of  an  inch  in  diameter — a  degree  of  tenuity  to  which  no 
one  had  ever  succeeded  in  drawing  it. 

Upon  the  same  principle  (that  of  introducing  a  plate  of  zino 
between  two  plates  of  other  metals)  Mr.  Children  constructed 
his  immense  battery,  the  zinc  plates  of  which  measured  six  feet 
by  two  feet  eight  inches  ;  each  plate  of  zinc  being  placed  be- 
tween two  of  copper,  and  each  triad  of  plates  being  enclosed  in 
a  separate  cell.  With  this  powerful  apparatus  a  wire  of  plati- 
num, ^th  of  an  inch  in  diameter  and  upwards  of  five  feet  long, 
was  raised  to  a  red  heat,  visible  even  in  the  broad  glare  of  day- 
light. 

The  great  battery  at  the  Royal  Institution,  with  which  Sir 
Humphry  Davy  discovered  the  composition  of  the  fixed  alkalies, 
was  of  immense  power.  It  consisted  of  200  separate  parts,  each 
composed  often  double  plates,  and  each  plate  containing  thirty- 
two  square  inches ;  the  number  of  double  plates  being  2000,  and 
the  whole  surface  128,000  square  inches, 

Mr.  Highton,  C.E.,  has  made  a  battery  which  exposes  a  sur- 
face of  only  T^th  part  of  an  inch  :  it  consists  of  but  one  cell ;  it 
is  less  than  ru^^^  part  of  a  cubic  inch,  and  yet  it  produces 
electricity  more  than  enough  to  overcome  all  the  resistance  m 
the  inventor's  brother's  patent  Gold-leaf  Telegraph,  and  works 
the  same  powerfully.  It  is,  in  short,  a  battery  which,  although 
it  will  go  through  the  eye  ofaneedZe,  wiU  yet  work  a  telegraph 
well.  Mr.  Highton  had  previously  constructed  a  battery  in  size 
less  than  Voth  of  a  cubic  inch :  this  battery,  he  found,  would 
for  a  month  together  ring  a  telegraph-bell  ten  miles  off. 

ELECTKIC  INCANDESCENCE  OF  CHARCOAL  POINTS. 

The  most  splendid  phenomenon  of  this  kind  is  the  combus- 
tion of  charcoal  points.  Pointed  pieces  of  the  residuum  ob- 
tained from  gas  retorts  will  answer  best,  or  Bunsen  s  composi- 
tion may  be  used  for  this  purpose.   Put  two  such  charcoal 
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points  in  immediate  contact  with  the  wires  of  your  battery  j 
bring  the  points  together,  and  they  will  begin  to  bum  with  a 
dazzling  white  light.  The  charcoal  points  of  the  large  appara- 
tus belonging  to  the  Royal  Institution  became  incandescent  at 
a  distance  of  ^th  of  an  inch ;  when  the  distance  was  gradually 
increased  till  they  were  four  inches  asunder,  they  continued  to 
burn  with  great  intensity,  and  a  permanent  stream  of  light 
played  between  them.  Professor  Bunsen  obtained  a  similar 
flame  from  a  battery  of  four  pairs  of  plates,  its  carbon  surface 
containing  29  feet.  The  heat  of  this  flame  is  so  intense,  that 
stout  platinum  wire,  sapphire,  quartz,  talc,  and  lime  are  re- 
duced by  it  to  the  liquid  form.  It  is  worthy  of  remark,  that  no 
combustion,  properly  so  called,  takes  place  in  the  charcoal  it- 
self; which  sustains  only  an  extremely  minute  loss  in  its  weight 
and  becomes  rather  denser  at  the  points.  The  phenomenon  is 
attended  with  a  still  more  vivid  brightness  if  the  charcoal  points 
are  placed  in  a  vacuum,  or  in  any  of  those  gases  which  are  not 
supporters  of  combustion.  ,  Instead  of  two  charcoal  points,  one 
only  need  be  used  if  the  following  arrangement  is  adopted  :  lay 
the  piece  of  charcoal  on  some  quicksilver  that  is  connected  with 
one  pole  of  the  battery,  and  complete  the  circuit  from  the  other 
pole  by  means  of  a  strip  of  platinum.  When  Professor  Peschel 
used  a  piece  of  well-burnt  coke  in  the  manner  just  described, 
he  obtained  a  light  which  was  almost  intolerable  to  the  eyes. 

VOLTAIC  ELECTKICITY. 

On  January  31, 1793,  Volta  announced  to  the  Royal  Society 
his  discovery  of  the  development  of  electricity  in  metallic  bodies. 
Galvani  had  given  the  name  of  Animal  Electricity  to  the  power 
which  caused  spontaneous  convulsions  in  the  limbs  of  frogs 
when  the  divided  nerves  were  connected  by  a  metallic  wire. 
Volta,  however,  saw  the  true  cause  of  the  phenomena  described 
by  Galvani.  Observing  that  the  eS'ects  were  far  greater  when 
the  connecting  medimn  consisted  of  two  diff"erent  kinds  of 
metal,  he  inferred  that  the  principle  of  excitation  existed  in 
the  metals,  and  not  in  the  nerves  of  the  animal ;  and  he  as- 
sumed that  the  exciting  fluid  was  ordinary  electricity,  produced 
by  the  contact  of  the  two  metals ;  the  convulsions  of  the  frog 
consequently  arose  from  the  electricity  thus  developed  passing 
along  its  nerves  and  muscles. 

In  1800  Volta  invented  what  is  now  called  the  Voltaic 
Pile,  or  compound  Galvanic  circle. 

The  term  Animal  Electricity  (says  Dr.  Whewell)  has  been  superseded 
by  others,  of  which  Oalvanisin  is  the  most  familiar;  but  I  think  that 
Volta 's  office  in  this  discovery  is  of  a  much  higher  and  more  philosophi- 
cal kind  than  that  of  Galvani ;  and  it  woald  on  this  account  be  more  fit- 
ting to  employ  tho  tei-m  Voltaic  Electricity,  which,  indeed,  is  very  com- 
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monly  used,  especially  by  our  most  recent  and  oomprehenaivo  writer^ 
The  Voliaic  pile  was  a  more  important  step  in  the  history  of  electricity 
than  the  Leyden  jar  had  been. — Hist.  Ind.  Sciences,  vol.  iiL 

No  one  who  wishes  to  judge  impartially  of  the  scientific  history  of 
these  times  and  of  its  leaders,  will  consider  Galvani  and  Volta  as  equals, 
or  deny  the  vast  superiority  of  the  latter  over  all  his  opponente  or  fellow- 
workers,  more  especially  over  those  of  the  Bologna  school.  We  ahall 
scarcely  again  find  in  one  man  gifts  so  rich  and  so  calculated  for  research 
as  were  combined  in  Volta.  He  possessed  that  *' inoomprehenBible 
talent,"  as  Dove  has  called  it,  for  separating  the  essential  from  the  im- 
material in  complicated  phenomena ;  that  boldness  of  invention  whiicb 
must  precede  experiment,  controlled  by  the  moat  strict  and  caatiou> 
mode  of  manipulation  ;  that  unremitting  attention  which  allows  no  cir- 
cumstance to  pass  unnoticed ;  lastly,  with  so  much  acuteness,  so  much 
simplicity,  so  much  grandeur  of  conception,  combined  with  such  depth 
of  thought,  he  had  a  hand  which  was  the  hand  of  a  workman. — /ame- 
ion't  Jour  Tied,  No.  106. 

THE  VOLTAIC  BATTERY  AND  THE  GYMNOTUS. 

"  We  boast  of  our  Voltaic  Batteries,"  says  Mr.  Smee.  "  I 
should  hardly  be  believed  if  I  were  to  say  that  I  did  not  feel 
pride  in  having  constructed  my  own,  especially  when  I  consider 
the  extensive  operations  which  it  has  conducted.  But  when  I 
compare  my  battery  with  the  battery  which  nature  has  given 
to  the  electrical  eel  and  the  torpedo,  how  insignificant  are  hu- 
man operations  compared  with  those  of  the  Architect  of  living 
beings  !  The  stupendous  electric  eel  in  the  Polytechnic  Insti- 
tution, when  he  seeks  to  kill  his  prey,  encloses  him  in  a  circle ; 
then,  by  volition,  causes  the  voltaic  force  to  be  produced,  and 
the  hapless  creature  is  instantly  killed.  It  would  probably  re- 
quire ten  thousand  of  my  artificial  batteries  to  effect  the  same 
object,  as  the  creature  is  killed  instanter  on  receiving  the  shock. 
As  much,  however,  as  my  battery  is  inferior  to  that  of  the  elec- 
tric fish,  so  is  man  superior  to  the  same  animal.  Man  is  en- 
dowed with  a  power  of  mind  competent  to  appreciate  the  force 
of  matter,  and  is  thus  enabled  to  make  the  battery.  The  eel 
can  but  use  the  specific  apparatus  which  nature  has  bestowed 
upon  it." 

Some  observations  upon  the  electric  current  around  the 
gymnotus,  and  notes  of  experiments  with  this  and  other  electric 
fish,  will  be  found  in  Things  not  generally  Known,  p.  199. 

VOLTAIC  CURRENTS  IN  MINES. 

Many  years  ago,  Mr.  R.  W.  Fox,  from  theory  entertaining 
a  belief  that  a  connection  existed  between  voltaic  action  m  the 
interior  of  the  earth  and  the  arrangement  of  metaUiferous  vems, 
and  also  the  progressive  increase  of  temperature  m  the  strata  as 
we  descend  from  the  surface,  endeavoured  to  verify  the  samo 
from  experiment  in  the  mine  of  Huel  Jewel,  in  Cornwall.  Uu 


Curiosities  of  Science. 


207 


apparatus  consisted  of  small  plates  of  sheet-copper,  which  were 
fixed  in  contact  with  a  plate  in  the  veins  with  copper  nails,  or 
else  wedged  closely  against  them  with  wooden  props  stretched 
across  the  galleries.  *  Between  two  of  these  plates,  at  different 
stations,  a  communication  was  made  by  means  of  a  copper 
wire  ^th  of  an  inch  in  diameter,  which  included  a  galvanometer 
in  its  circuit.  In  some  instances  300  fathoms  of  copper  wire 
were  employed.  It  was  then  found  that  the  intensity  of  the 
voltaic  current  was  generally  greater  in  proportion  to  the 
greater  abundance  of  copper  ore  in  the  veins,  and  in  some  de- 
gree to  the  depth  of  the  stations.  Hence  Mr.  Fox's  discovery 
promised  to  be  of  practical  utility  to  the  miner  in  discovering 
the  relative  quantity  of  ore  in  the  veins,  and  the  directions  in 
which  it  most  abounds. 

The  result  of  extended  experiments,  mostly  made  by  Mr. 
Robert  Hunt,  has  not,  however,  confirmed  Mr.  Fox's  views. 
It  has  been  found  that  the  voltaic  currents  detected  in  the  lodes 
are  due  to  the  chemical  decomposition  going  on  there ;  and  the 
more  completely  this  process  of  decomposition  is  established, 
the  more  powerful  are  the  voltaic  currents.  Meanwhile  these 
have  nothing  whatever  to  do  with  the  increase  of  temperature 
with  depth.  Recent  observations,  made  in  the  deep  mines  of 
Cornwall  vmder  the  direction  of  Mr.  Fox,  do  not  appear  consis- 
tent with  the  law  of  thermic  increase  as  formerly  established, 
the  shallow  mines  giving  a  higher  ratio  of  iiicrease  than  the 
deeper  ones. 

GEEMS  OF  ELECTEIC  KNOWLEDGE. 

Two  centuries  and  a  half  ago,  Gilbert  recognised  that  the 
property  of  attracting  light  substances  when  rubbed,  be  their 
nature  what  it  may,  is  not  peculiar  to  amber,  which  is  a  con- 
densed earthy  juice  cast  up  by  the  waves  of  the  sea,  and  in 
which  flying  insects,  ants,  and  worms  lie  entombed  as  in  eter- 
nal sepulchres.  The  force  of  attraction  (Gilbert  continues)  be- 
longs to  a  whole  class  of  very  different  substances,  as  glass, 
"sulphur,  sealing-wax,  and  all  resinous  substances— rock  crystal 
and  all  precious  stones,  alum  and  rock-salt.  Gilbert  measured 
the  strength  of  the  excited  electricity  by  means  of  a  small 
needle — not  made  of  iron — which  moved  freely  on  a  pivot,  and 
perfectly  similar  to  the  apparatus  used  by  Haiiy  and  Brewster 
in  testing  the  electricity  excited  in  minerals  by  heat  and  fric- 
tion. "Friction,"  says  Gilbert  further,  "is  productive  of  a 
stronger  effect  in  dry  than  m  hximid  air ;  and  rubbing  with 
silk  cloths  is  most  advantageous. " 

Otto  von  Guerike,  the  inventor  of  the  air-pump,  was  the 
first  who  observed  any  thing  more  than  mere  phenomena  of 
attraction.    In  his  experiments  with  a  rubbed  piece  of  sulphu? 
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he  recognised  the  phenomena  of  repulsion,  which  subsequently 
led  to  the  establishment  of  the  laws  of  the  sphere  of  action  and 
of  the  distribution  of  electricity.  He  heard  the  first  sound,  and 
saw  tJie  fi/rst  light,  in  artificially -produced  electricity.  In  an  ex- 
periment instituted  by  Newton  in  1675,  the  first  traces  of  an 
electric  charge  in  a  rubbed  plate  of  glass  were  seen. 

TEMPERATUEE  AND  ELECTEICITY. 

Professor  Tyndall  has  shown  that  all  variations  of  tempera- 
ture, in  metals  at  least,  excite  electricity.  When  the  wires  of 
a  galvanometer  are  brought  in  contact  with  the  two  ends  of  a 
heated  poker,  the  prompt  deflection  of  the  galvanometer-needle 
indicates  that  a  current  of  electricity  has  been  sent  through 
the  instrument.  Even  the  two  ends  of  a  spoon,  one  of  which 
has  been  dipped  in  hot  water,  serve  to  develop  an  electric 
current ;  and  in  cutting  a  hot  beefsteak  with  a  steel  knife  and 
a  silver  fork  there  is  an  excitement  of  electricity.  The  mere 
heat  of  the  finger  is  suflScient  to  cause  the  deflection  of  the 
galvanometer ;  and  when  ice  is  applied  to  the  part  that  has 
been  previously  warmed,  the  galvanometer-needle  is  deflected 
in  the  contrary  direction.  A  small  instrument  invented  by 
Melloni  is  so  extremely  sensitive  of  the  action  of  heat,  that 
electricity  is  excited  when  the  hand  is  held  six  inches  from  it. 

VAST  ARRANGEMENT  OF  ELECTRICITY. 

Professor  Faraday  has  shown  that  the  Electricity  which  de- 
composes, and  that  which  is  evolved  in  the  decomposition  of, 
a  certain  quantity  of  matter,  are  alike.  What  an  enormous 
quantity  of  electricity,  therefore,  is  required  for  the  decompo- 
Bition  of  a  single  grain  of  water !  It  must  be  in  quantity  suf- 
ficient to  sustain  a  platinum  wire  x^th  of  an  inch  in  thickness 
red-hot  in  contact  with  the  air  for  three  minutes  and  three- 
quarters.  It  would  appear  that  800,000  charges  of  a  Leyden 
battery,  charged  by  thirty  turns  of  a  very  large  and  powerful 
plate-machine  in  full  action,  are  necessary  to  supply  electricity 
Bufficient  to  decompose  a  single  grain  of  water,  or  to  equal  the 
quantity  of  electricity  which  is  naturally  associated  with  the 
elements  of  that  grain  of  water,  endowing  them  with  their  mu- 
tual chemical  affinity.  Now  the  above  quantity  of  electricity, 
if  passed  at  once  through  the  head  of  a  rat  or  a  cat,  would  kill 
it  as  by  a  flash  of  lightning.  The  quantity  is,  indeed,  equal  to 
that  which  is  developed  fi-om  a  charged  thunder- cloud. 

DECOMPOSITION  OF  WATER  BY  ELECTRICITY. 

Professor  Andrews,  by  an  ingenious  arrangement,  is  enabled 
to  Bhow  that  water  is  decomposed  by  the  common  machine; 
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and  by  using  an  electrical  kite,  he  was  able,  in  fine  weather,  to 
produce  decomposition,  although  so  slowly  that  only  yWrooth 
of  a  gram  of  water  was  decomposed  per  hour.  Faraday  has 
i  proved  that  the  decomposition  of  one  single  gi-ain  of  water  pro- 
duces more  electricity  than  is  contained  in  the  most  powerful 
flash  of  lightning. 

ELECTEICITY  IN  BREWING. 

Mr.  Black,  a  practical  writer  upon  Brewing,  has  found  that 
by  the  practice  of  imbedding  the  fermentation-vats  in  the  earth. 
:and  connecting  them  by  means  of  metallic  pipes,  an  electrical 
current  passes  through  the  beer  and  causes  it  to  turn  sour  As 
a  preventive  he  proposed  to  place  the  vats  upon  wooden  blocks 
or  on  any  other  non-conductors,  so  that  they  may  be  insulated, 
lit  has  likewise  been  ascertained  that  several  brewers  who  had 
ibrewed  excellent  ale  on  the  south  side  of  the  street,  on  re- 
moving to  the  north  have  failed  to  produce  good  ale. 

i  ELECTEIC  PAPER. 

Professor  Schonbein  has  prepared  paper,  as  transparent  as 
glass  and  impermeable  to  water,  which  develops  a  very  ener- 
getic electric  force.  By  placing  some  sheets  on  each  other, 
and  simpty  rubbing  them  once  or  twice  with  the  hand,  it  be- 
comes difficult  to  separate  them.  If  this  experiment  is  per- 
formed m  the  dark,  a  great  number  of  distinct  flashes  may  be 
•perceived  between  the  separated  surfaces.    The  disc  of  the 

\  wl?         .P^^''^  .^^.^  '^^^^  been  rubbed,  pro- 

^  luces  sparks  of  some  inches  in  length.    A  thin  and  vei^y  dry 
J  .heet  of  paper  placed  against  the  waU,  wiU  adhere  strongly 
r?  fL    ''""T^  ^v!"''         ^^^^  ^«  P'^ssed  only  once  over  it 
1 1       rt  '^f  *     P^'f  ^  tt^^b  ind  fore-finger 

I  n  the  dark  a  lummous  band  will  be  visible.  Hence  with  this 
iDaper  may  be  made  powerful  and  cheap  electrical  machines 

DURATION  OF  THE  ELECTRIC  SPARK. 

i  By  means  of  Professor  Wheatstone's  apparatus,  the  Dura- 
ion  of  the  Electric  Spark  has  been  ascertained  no  to  exceed 
[he  twenty^fiye-thousandth  part  of  a  second.  A  cannon  bail 
f  illummed  in  its  flight  by  a  flash  of  lightning,  would  in 
onsequence  of  the  momentary  dui-ation  of  the  ligh  Ippear  S 
.e  stationary,  and  even  the  wings  of  an  insect,  tha  move  t^ 
housand  times  m  a  second,  woidd  seem  at  yest. 

l  VELOCITY  OF  ELECTRIC  LIGHT. 

i.T,?""  °°PP^"^g  velocities  of  solar,  stellar,  and  terrestrial 
.ght,  which  are  aH  equaUy  refracted  in  the  prLm,  with  tho 
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velocity  of  the  light  of  frictional  electricity,  we  are  disposed, 
in  accordance  with  Wheatstone's  ingeniously-conducted  experi- 
ments to  regard  the  lowest  ratio  in  which  the  latter  excels  the 
foi-mer  as  3  : 2.  According  to  the  lowest  results  of  Wheatstone's 
apparatus,  electric  light  traverses  288,000  miles  in  a  second. 
If  we  reckon  189,938  mUes  for  stellar  light,  according  to  Struye, 
we  obtain  the  difference  of  95,776  miles  as  the  greater  velocity 
of  electricity  in  one  second. 

From  the  experiment  described  in  Wheatstone's  paper  (PAt- 
ios(yphical  Transactims  for  1834),  it  would  appear  that  the  hu- 
man eye  is  capable  of  perceiving  phenomena  of  light  whose 
duration  is  limited  to  the  millionth  part  of  a  second. 

In  Professor  Airy's  experiments  with  the  electric  telegraph 
6o  determine  the  difference  of  longitude  between  Greenwich 
i^d  Brussels,  the  time  spent  by  the  electric  current  m  passing 
from  one  ob  ervatory  to  the  other  (270  miles)  was  found  to  be 
0-109"  or  rather  more  than  the  ninth  part  of  a  second; 
this  determination  rests  on  2616  observations  :  a  speed  which 
would  "  girdle  the  globe"  in  ten  seconds. 

IDENTITY  OF  ELECTEIC  AND  MAGNETIC  ATTRACTION. 

This  vague  presentiment  of  the  ancients  has  been  verified 
in  our  Simes.   "  When  electrum  (amber),"  says  Phny  «  ie 

Tmlterby  friction  and  heat,  it  ^'^\f^^^J-\^f,^Z 
Ipnvea  nrecisely  as  the  loadstone  attracts  iron.  ine  same 
IZZ  mav  be  found  in  the  Uterature  of  an  Asiatic  nation,  and 
Tci       evdoguTm  on  the  loadstone  by  the  Ch  nese  physicist 

Sh^,  in  th'e  fourth  centuiy:  'I'^^^-^l^^^.^'^^'^.^T. 
aTamber  does  the  smaUest  grain  of  mustard-seed.  It  is  like  a 
breach  of  wind,  which  mysteriously  penetrates  through  both, 
and  communicates  itseK  with  the  rapidity  of  an  arrow 

Humboldt  observed  with  -^^^^^^^^^  °S  S  et tl^y 

Orinoco,  in  the  sports  CMlSn  may  be  seen  to 

by  friction  was  known  to  these  ^e  ra^es^   ofatraUing  plant  untU 
the  dry  flf^'XacmV?ads"of  co  ton^n^^^^^^^^    of  faUo-cane. 
tbey  are  able  T^^^^    pastime  of  these  naked  copper-co- 

What  a  <^^^^°^,^„^ff.fdisro™  metallic  conductor  discharging 
loured  Indians  from  the  ^^f  °o^!^  ^'^f  ^  chemically-decomposing 

THEOKY  OF  THE  ELEOTKO-MAGNETIO  ENGINE. 

Several  year,  ago  a  ^f-'^^f^^  ^'Z^Xi^l'  Thettag- 
world  of  Europe  ^^^'''''■f^'^'^l^^J'^l^Zc^  of  rheS- 

frrtl^arUag  a  s»rf.  roUtio. 
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I  to  the  magnet  of  such  a  machine,  we  obtain  powerful  currents 
'  of  electricity.   If  these  be  conducted  through  water,  the  latter 
i  will  be  reduced  to  its  two  components,  oxygen  and  hydrogen. 
I  By  the  combustion  of  hydrogen  water  is  again  generated.  _  If 
this  combustion  takes  place,  not  in  atmospheric  air,  in  which 
;  oxygen  only  constitutes  a  fifth  part,  but  in  pure  oxygen,  and 
if  a  bit  of  chalk  be  placed  in  the  flame,  the  chalk  will  be  raised 
to  a  white  heat,  and  give  us  the  sun-like  Drummond  light :  at 
the  same  time  the  flame  develops  a  considerable  quantity  of 
1  heat.    Now  the  American  inventor  proposed  to  utilise  in  this 
^  way  the  gases  obtained  from  electrolytic  decomposition ;  and 
asserted  that  by  the  combustion  a  sufficient  amount  of  heat 
was  generated  to  keep  a  smaU  steam-engine  in  action,  which 
again  drove  his  magneto-electric  machine,  decomposed  the 
water,  and  thus  continually  prepared  its  own  fuel.   This  would 
certainly  have  been  the  most  splendid  of  aU  discoveries, — a  per- 
petual motion  which,  besides  the  force  that  kept  it  going, 
generated  light  like  the  sun,  and  warmed  all  around  it.  The 
affair,  however,  failed,  as  was  predicted  by  those  acquainted 
with  the  physical  investigations  which  bear  upon  the  subject. 
—Professor  HdmJwltz. 

MAGNETIC  CLOCK  AND  WATCF. 

In  the  Museum  of  the  Royal  Society  are  two  curiosities  of 
the  seventeenth  century  which  are  objects  of  much  interest  iu 
association  with  the  electric  discoveries  of  our  day.  These  are 
a  Clock,  described  by  the  Count  Malagatti  (who  accompanied 
Cosmo  III.,  Grand  Duke  of  Tuscany,  to  inspect  the  Museum 
in  1669)  as  more  worthy  of  observation  than  all  the  other  ob- 
jects in  the  cabinet.  Its  "  movements  are  derived  from  the 
vicinity  of  a  loadstone,  and  it  is  so  adjusted  as  to  discover  the 
distance  of  countries  at  sea  by  the  longitude."  The  analogy 
between  this  clock  and  the  electric  clock  of  the  present  day  is 
very  remarkable.  Of  kindred  interest  is  "  Hook's  Magnetic 
Watch,"  often  alluded  to  in  the  Royal  Society's  Journal-book 
of  1669  as  "  going  slower  or  faster  according  to  the  greater  or 
less  distance  of  the  loadstone,  and  so  moving  regularly  in  any 
posture." 

wheatstone's  electeo-magnetic  clock. 

In  this  ingenious  invention,  the  object  of  Professor  Wheat- 
stone  was  to  enable  a  simple  clock  to  iadicate  exactly  the  same 
time  in  as  many  difi"erent  places,  distant  from  each  other,  as 
may  be  required.  A  standard  clock  in  an  observatory,  for  ex- 
ample, would  thus  keep  in  order  another  clock  in  each  apart- 
ment, and  that  too  with  such  accuracy,  that  all  of  them,  how- 
ever numerotcs,  wiU  heat  dead  seconds  audibly  with  as  great  pre- 
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cision  as  the  standard  astronomical  time-piece  with  which  they  are 
connected.    But,  besides  this,  the  subordinate  tirne-pieces  thus 
regulated  require  none  of  the  mechanism  for  mamtainmg  or 
regulating  the  power.    They  consist  simply  of  a  face,  with  its 
second,  minute,  and  hour  hands,  and  a  train  of  wheels  which 
communicate  motion  from  the  action  of  the  second-hand  to 
that  of  the  hour-hand,  in  the  same  manner  as  an  ordinary  clock- 
train    Nor  is  this  invention  confined  to  observatories  and  large 
establishments.    The  great  horologe  of  St.  Paul's  might,  by  a 
suitable  network  of  wires,  or  even  by  the  existing  metallic 
pipes  of  the  metropolis,  be  made  to  command  and  regulate  all 
the  other  steeple-clocks  in  the  city,  and  even  every  clock  within 
the  precincts  of  its  metalUc  bounds.    As  railways  and  tele- 
graphs extend  from  London  nearly  to  the  remotest  cities  and 
villages,  the  sensation  of  time  may  be  transmitted  along  with 
the  elements  of  language;  and  the  great  cerebellum  of  the 
metropolis  may  thus  constrain  by  its  sympathies,  and  regulate 
by  its  power,  the  whole  nervous  system  of  the  empire. 

HOW  TO  MAKE  L  COMMON  CLOCK  ELECTRIC. 

M  Kammerer  of  Belgium  effects  this  by  an  addition  to  any 
clock  whereby  it  is  brought  into  contact  with  the  two  poles  of 
a  galvanic  battery,  the  wires  from  which  commumcate  vvith  a 
drim  moved  by  the  clockwork  ;  and  every  fifteen  seconds  the 
current  is  changed,  the  positive  and  the  negative  bemg  trans- 
mitted alternately.    A  wire  is  f^^P^^^d  from  the  drum  to  the 
electric  clock,  the  movement  of  which,  through  the  plate-glass 
dial,  is  seen  to  be  two  pairs  of  small  straight  electro-magnets 
each  nair  having  their  ends  opposite  to  the  other  pair,  with  about 
half  an  inXpace  between.    Within  this  space  there  hangs  a 
wtical  Xl  bar,  suspended  from  a  spindle  at  the  top^/^^e  ^^^^^^ 
has  two  slight  projections  on  each  side  parallel  to  the  ends  of 
wT^-coiled  magnets.   When  the  electric  current  comes  on 
the  ^e  from  the^ositive  end  of  the  battery  (through  he 
dmiT^f  the  regulator-clock)  the  positive  magnets  attract  the 
barTo  it,  the  distance  being  perhaps  the  sixteenth  of  an  inch 
When,  at  the  end  of  fifteen  seconds,  the  negative  pole  operates, 
JepS^ion  takes  effect,  and  tbe  bar  moves  to  he  opposite  s^^^^^^ 
This  osciUating  bar  gives  motion  to  a  wheel  which  turns  tne 

"^^^^^ilmrer'lts,  that  if  the  galvanic  baUeg  be  at 

S^^bi^iij^Ss^ 

J^eCly  haVe  been  mistaken  as  proceedmg  from  one  clock. 
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DR.  FEANKLIN's  ELECTEICAL  KITE. 

Several  philosophers  had  observed  that  lightning  and  elec- 
tricity possessed  many  common  properties ;  and  the  light  which 
accompanied  the  explosion,  the  crackling  noise  made  by  the 
flame,  and  other  phenomena,  made  them  suspect  that  lightning 
might  be  electricity  in  a  highly  powerful  state.  But  this  con- 
nection was  merely  the  subject  of  conjecture  until,  in  the  year 
1750,  Dr.  Franklin  suggested  an  experiment  to  determine  the 
question.  While  he  was  waiting  for  the  building  of  a  spire  at 
Philadelphia,  to  which  he  intended  to  attach  his  wire,  the  ex- 
periment was  successfully  made  at  Marly-la- ViUe,  in  France,  in 
the  year  1752  j  when  lightning  was  actually  drawn  from  the 
clouds  by  means  of  a  pointed  wire,  and  it  was  proved  to  be 
really  the  electric  fluid. 

Almost  every  early  electrical  discovery  of  importance  was  made  by 
Fellows  of  the  Eoyal  Society,  aild  is  to  be  found  recorded  in  the  FAilo- 
sophzcal  Tramactions.  In  the  forty-fifth  volume  occurs  the  first  men- 
tion of  Dr.  Franklin's  name,  and  bis  theory  of  positive  and  negative 
electricity.  In  1756  be  was  elected  into  the  Society,  "  without  any  fee 
or  other  payment."  His  previous  communications  to  the  Transactions, 
Pw*)^^^^^  ^®  account  of  his  electrical  kite,  had  excited  great  interest. 
( Weias  History  of  the  Eoyal  Society.)  It  is  thus  described  by  him  in  a 
letter  dated  Philadelphia,  October  1,  1752  : 

"As  frequent  mention  is  made  in  the  public  papers  from  Europe  of 
ttie  success  of  the  Marly-la- Ville  experiment  for  drawing  the  electric  fire 
&om_clouds  by  means  of  pointed  rods  of  iron  erected  on  high  buildings, 
&c.,  it  may  be  agreeable  to  the  curious  to  be  informed  that  the  same 
expenment  has  succeeded  in  Philadelphia,  though  made  in  a  difiFerent 

Tif^?'"®  ^^^^  manner,  which  any  one  may  try,  as  follows  : 

Make  a  small  cross  of  two  Ught  strips  of  cedar,  the  arms  so  long  as 
to  reach  to  the  four  corners  of  a  large  thin  sUk  handkerchief  when  ex- 
tended. Tie  the  comers  of  the  handkerchief  to  the  extremities  of  the 
cross  ;  so  you  have  the  body  of  a  kite,  which,  being  properly  accommo- 
Oated  with  a  tail,  loop,  and  string,  will  rise  in  the  air  like  a  kite  made 
ot  paper ;  but  this,  being  of  silk,  is  fitter  to  bear  the  wet  and  wind  of  a 
thunder-gust  without  tearing.  To  the  top  of  the  upright  stick  of  the 
cross  IS  to  be  fixed  a  very  sharp-pointed  wire,  rising  a  foot  or  more 
above  the  wood.  To  the  end  of  the  twine,  next  the  band,  is  to  be  tied 
8V^^"bboD  ;  and  where  the  twine  and  silk  join  a  key  may  be  fastened. 

I  tie  kite  IS  to  be  raised  when  a  thunder-gust  appears  to  be  comine- 
on,  and  the  person  who  holds  the  string  must  stand  within  a  door  or 
window,  or  under  some  cover,  so  that  the  silk  ribbon  may  not  be  wet  • 
and  care  must  be  taken  that  the  twine  does  not  touch  the  frame  of  the 
door  or  window.  As  soon  as  any  of  the  thunder-clouds  come  over  the 
late,  the  pomted  wire  will  draw  the  electric  fire  from  them  :  and  the 
Jate  with  all  the  twme,  will  be  electrified  ;  and  the  loose  filaments  of 
the  twme  will  stand  out  every  way,  and  be  attracted  by  an  approaching 

thaYwH?fi  ""l"  ^""^  «°        it  can  conduct 

toe  electric  fire  freely,  you  will  find  it  stream  out  plentifuUy  from  the 

1*^  ^Pgf°^''^,  °^  this  key  the  phial  may  be 

Charged ;  and  from  electnc  fire  thus  obtained  spirits  may  be  kincUed 
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and  all  the  other  electrical  experiments  be  performed  which  are  usually 
done  by  the  help  of  a  rubbed-glass  globe  or  tube  ;  and  thus  the  same- 
ness of  the  electric  matter  with  that  of  lightning  is  completely  demon- 
strated."— Philosopldcal  Transactions. 

Of  all  this  great  man's  (Franklin's)  scientific  excellencies, 
the  most  remarkable  is  the  smallness,  the  simpUcity,  the  ap- 
parent inadequacy  of  the  means  which  he  employed  in  his 
experimental  researches.  His  discoveries  were  all  made  with 
hardly  any  apparatus  at  all ;  and  if  at  any  time  he  had  been 
led  to  employ  instruments  of  a  somewhat  less  ordinaiy  descrip- 
tion, he  never  rested  satisfied  until  he  had,  as  it  were,  after- 
wards translated  the  process  by  resolving  the  problem  with 
such  simple  machinery  that  you  might  say  he  had  done  it 
wholly  unaided  by  apparatus.  The  experiments  by  which  the 
identity  of  lightning  and  electricity  was  demonstrated  were 
made  with  a  sheet  of  brown  paper,  a  bit  of  twine  or  silk  thread, 
and  an  iron  key  ! — Lord  Brougham.* 

FATAL  EXPEEIMENT  WITH  LIGHTNING. 

These  experiments  are  not  without  danger ;  and  a  flash  of 
lightning  has  been  found  to  be  a  very  unmanageable  instrument. 
In  1753,  M.  Richman,  at  St.  Petersburg,  was  making  an  ex- 
periment of  this  kind  by  drawing  lightning  into  his  room,  when, 
incautiously  bringing  his  head  too  near  the  wire,  he  was  struck 
dead  by  the  flash,  wMch  issued  from  it  like  a  globe  of  blue  fire, 
accompanied  by  a  dreadful  explosion. 

faeaday's  electkical  illustrations. 

The  following  are  selected  from  the  very  able  series  of  lec- 
tures delivered  by  Professor  Faraday  at  the  Royal  Institution  : 

The  Two  Electricities— Mter  having  shown  by  various  experimente 
the  attractions  and  repulsions  of  light  substances  from  excited  glass  and 
from  an  excited  tube  of  gutta-percha,  Professor  Faraday  proceeds  to 
point  out  the  difference  in  the  character  of  the  electncity  produced  by 
the  friction  of  the  two  substances.  The  opposite  characters  of  the  elec- 
tricity evolveu  oy  the  friction  of  glass  and  of  that  excited  by  the  friction 
of  eutta-percha  and  shellac  are  exhibited  by  several  experiments,  in 
which  the  attraction  of  the  positive  and  negative  electricities  to  each 
other  and  the  neutraUsation  of  electrical  action  on  the  combination  ot 
the  two  forces  are  distinctly  observable.  Though  adopting  the  terns 
"positive"  and  "negative"  in  distinguishing  the  electncity  excited  by 
glass  from  that  excited  by  gutta-percha  and  resinous  ^^^les,  Professor 
Faraday  is  strongly  opposed  to  the  Franklmian  theory  from  which  these 
ferms  are  derived.'^  According  to  Franklin's  view  of  the  nature  of  elec- 
trical  excitement,  it  arises  from  the  disturbance,  by  fnction  or  other 
means,  of  the  natural  quantity  of  one  electric  flmd  which  is  possessed 
by  all  bodies;  an  excited  piece  of  glass  havmg  more  than  its  natura. 

•  This  illustration,  it  mil  be  seen,  does  not  literally  correspond  with  th« 
details  which  precede  it. 
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share,  which  has  been  taken  from  the  rubber,  the  latter  being  conse- 
quently in  a  minus  or  negative  state.    This  theory  Professor  Faraday 
considers  to  be  opposed  to  the  distinct  characteristic  actions  of  the  two 
forces ;  and,  in  his  opinion,  it  is  impossible  to  deprive  any  body  of  elec- 
tricity, and  reduce  it  to  the  minus  state  of  Franklin's  hypothesis. 
Taking  a  Zamboni's  pile,  he  -applies  its  two  ends  separately  to  an  elec- 
trometer, to  show  that  each  end  produces  opposite  kinds  of  electricity, 
and  that  the  zero,  or  absence  of  electrical  excitement,  only  exists  in  the 
centre  of  the  pile.    To  prove  how  completely  the  two  electricities  neu- 
traUse  each  other,  an  excited  rod  of  gutta-percha  and  the  piece  of  flannel 
with  which  it  has  been  rubbed  are  laid  on  the  top  of  the  electrometer 
without  any  sign  of  electricity  whilst  they  are  together;  but  when  either 
IS  removed,  the  gold  leaves  diverge  with  positive  and  negative  electri- 
city alternately.  The  Professor  dwells  strongly  on  the  peculiarity  of  the 
dual  force  of  electricity,  which,  in  respect  of  its  duaUty,  is  unlike  any 
other  force  m  nature.    He  then  contrasts  its  phenomena  of  instanta- 
neous conduction  with  those  of  the  somewhat  analogous  force  of  heat' 
and  he  illustrates  by  several  striking  experiments  the  peculiar  property 
wJuch  static  electricity  possesses  of  bemg  spread  only  over  the  surfaces 
ot  bodies.    A  metal  ice-pail  is  placed  on  an  insulated  stand  and  electri- 
tied,  and  a  metal  baU  suspended  by  a  string  is  introduced,  and  touches 
>tie  bottom  and  sides  without  having  any  electricity  imparted  to  it,  but 
on  touching  the  outside  it  becomes  strongly  electrical.   The  experiment 
Is  repeated  vnth  a  wooden  tub  with  the  same  result ;  and  Professor  Fa- 
raday mentions  the  still  more  remarkable  manner  in  which  he  has 
proved  the  surface  distribution  of  electricity  by  having  a  small  chamber 
constructed  and  covered  with  tinfoil,  which  can  be  insulated :  and  whilst 
torrents  of  electricity  are  being  evolved  from  the  external  surface,  he 

Wtln:felXdtTS^^  ^^^^^'"^ 

^"^A  ^^^r^**'-— °?"ous  experiment  is  made  with  two  kinds  of 
TA?^'      con^uctmg  force.   Frcm  the  electric  machine  on  the 
table  a  silk  thread  is  first  carried  to  the  Indicator  a  yard  or  two  off  and 
vfr"!"  ^®  a  non-conductor  when  the  glass  tube  is  rubbed  and  an- 
phed  to  the  machine  (although  the  silk,  whin  wetted,  conducted)  whfe 
«ond,^iww^  ^l^en  treated  in  t^e  same  way 

^^IhetdfSoV^  "      vehemently  agitate  the  gold  le^l's 

.  Non-conducting  Bodies.— IhQ  action  that  occurs  in  bodies  which 
cannot  conduct  is  the  most  important  part  of  electricaJ  sdence  The 
principle  IS  illustrated  by  the  attraction  and  repulsion  of  an  Strified 
tall  of  gilt  paper  by  a  glass  tube,  between  which  and  the  Tall  a  The2 
of  shel  ac  IS  suspended.  The  nearer  a  ball  of  another  description-an 
unelectncal  insulated  body-is  brought  to  the  Leyden  jar  Xn  chS^S 
the  greater  mfluence  it  is  seen  to  possess  over  the  gold  kaf  witSS 
indicator,  by  induction,  not  by  conduction.  ThT Question^  Tn^li 
tadti^s  attract  each  other,  wh^at  kind  of  eleci^it^  dSn  frl'^S; 

^^'^^        electric,  are  thS  iSSted! 
To  show  the  divers  operations  of  this  wonderful  force  a  tub     >f«^  . 
ductor)  is  placed  by  the  dectrio  machme.    When  the  laf^r  t  "2" 
p  ball,  having  been  electrified  frcm  it,  is  held  L  the  tub  and  ' 

S"'the%1;!rw-'°t^™-  "^^^'^  4phcation"of\t  bS'ltoL"i2i? 
cacor,  ttie  gold  leaf  is  shown  not  to  move,  whercas  it  is  Amfof.^  • 

fe«tly  when  the  same  prccess  is  gone  tlSoS  Sh  Ue  SeptionX\' 
the  ball  18  made  to  touch  the  outside  only  of  the  tub    sS  e^'eS* 
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merits  with  a  ball  in  an  ico-pail  and  a  vessel  of  wire -gauze,  into  the 
latter  of  which,  is  introduced  a  mouse,  which  is  shown  to  receive  no 
shock,  and  not  to  be  frightened  at  all ;  while  from  the  outside  of  the 
vessel  electric  sparks  are  rapidly  produced.  This  latter  demonstration 
roves  that,  as  the  mouse,  so  men  and  women,  might  be  safe  inside  a 
uilding  with  proper  conductors  while  lightning  played  about  the  ex- 
terior. The  wire-gauze  being  turned  inside  out,  the  principle  is  shown 
to  be  irreversible  in  spite  of  the  change — what  has  been  the  unelectrical 
inside  of  the  vessel  being  now,  when  made  the  outside  portion,  capable 
of  receiving  and  transmitting  the  power,  while  the  original  outside  ia 
now  unelectrical. 

Repulsion  of  Bodies. — A  remarkable  and  playful  experiment,  by 
which  the  repulsion  of  bodies  similarly  electrified  is  illastrated,  consists 
in  placing  a  basket  containing  a  heap  of  small  pieces  of  paper  on  an  in- 
sulated stand,  and  connecting  it  with  the  prime  conductor  of  the  electri- 
cal machine  ;  when  the  pieces  of  paper  rise  rapidly  after  each  other  into 
the  air,  and  descend  on  the  lecture-table  like  a  fall  of  snow.  The  effect 
is  greatly  ioicreased  when  a  metal  disc  ia  substituted  for  the  basket. 

ORIGIN  OF  THE  LEYDEN  JAE. 

Muschenbroek  and  Linnaeus  had  made  various  experiments 
of  a  strong  kind  with  water  and  wire.  The  former,  as  appears 
from  a  letter  of  his  to  Reaumur,  filled  a  small  bottle  with  water, 
and  having  corked  it  up,  passed  a  wire  through  the  cork  into 
the  bottle.  Having  rubbed  the  vessel  on  the  outside  and  sus- 
pended it  to  the  electric  machine,  he  was  surprised  to  find  that 
on  trying  to  pull  the  wire  out  he  was  subjected  to  an  awfully 
severe  shock  in  his  joints  and  his  whole  body,  such  as  he  de- 
clared he  would  not  suffer  again  for  any  experiment.  Hence 
the  Leyden  jar,  which  owes  its  name  to  the  University  of  Ley- 
den,  with  which,  we  believe,  Muschenbroek  was  connected. — 
FaradaT/. 

DANGER  TO  GUNPOWDER  MAGAZINES. 

By  the  illustration  of  a  gas  globule,  which  is  ignited  from  a 
spark  by  induction,  Mr.  Faraday  has  proved  in  a  most  interest- 
ing manner  that  the  corrugated-iron  roofs  of  some  gunpowder- 
magazines,— on  the  subject  of  which  he  had  often  been  consulted 
by  the  builders,  with  a  view  to  the  greater  safety  of  these  manu- 
factories,—are  absolutely  dangerous  by  the  laws  of  induction ; 
as,  by  the  return  of  induction,  while  a  storm  was  discharging 
itself  a  mile  or  two  off,  a  secondary  spark  might  ignite  the  build- 
ing. 

ARTIFICIAL  CRYSTALS  AND  MINERALS. — "  THE  CROSSE  MITE." 

Among  the  experimenters  on  Electricity  in  our  time  who 
have  largely  contributed  to  the  "  Curiosities  of  Science,"  An- 
drew Crosse  is  entitled  to  special  notice.  In  his  school-days  he 
became  greatly  attached  to  the  study  of  electricity  ;  and  on  set- 
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tling  on  his  paternal  estate,  Fyne  Court,  on  the  Quantock  Hills 
in  Somersetshire,  he  there  devoted  himself  to  chemistry,  min- 
eralogy, and  electricity,  pursuing  his  experiments  wholly  inde- 
pendently of  theories,  and  searching  only  for  facts.  In  Holwell 
Cavern,  near  his  residence,  he  observed  the  sides  and  the  roof 
covered  with  Arragonite  crystallisations,  when  his  observations 
led  him  to  conclude  that  the  crystallisations  were  the  effects, 
at  least  to  some  extent,  of  electricity.    This  induced  him  to 
make  the  attempt  to  form  artificial  crystals  by  the  same  means, 
which  he  began  in  1807.    He  took  some  water  from  the  cave, 
filled  a  tumbler,  and  exposed  it  to  the  action  of  a  voltaic  bat- 
tery excited  by  water  alone,  letting  the  platinum-wires  of  the 
battery  fall  on  opposite  sides  of  the  tumbler  from  the  opposite 
poles  of  the  battery.   After  ten  days'  constant  action,  he  pro- 
duced crystals  of  carbonate  of  lime ;  and  on  repeating  the  ex- 
periment in  the  dark,  he  produced  them  in  six  days.  Thus  Mr. 
Crosse  simulated  in  his  laboratory  one  of  the  hitherto  most  mys^ 
terious  processes  of  nature. 

He  pursued  this  line  of  research  for  nearly  thirty  years  at 
*yne  Court,  where  his  electrical-room  and  laboratory  were  on 
an  enormous  scale  :  the  apparatus  had  cost  some  thousands  of 
pounds,  and  the  house  was  nearly  full  of  furnaces.  He  carried 
an  insulated  wire  above  the  tops  of  the  trees  around  his  house 
iQAA  r  a.  quarter,  afterwards  shortened  to 

1«U0  teet.  By  this  wire,  which  was  brought  into  connection 
with  the  apparatus  in  a  chamber,  he  was  enabled  to  see  con- 
tinually the  changes  in  the  state  of  the  atmosphere,  and  could 
use  the  fluid  so  collected  for  a  variety  of  purposes.  In  1816 
at  a  meeting  of  country  gentlemen,  he  prophesied  that,  "  by 
means  of  electrical  agency,  we  shaU  be  able  to  communicate  our 
thoughts  simultaneously  with  the  uttermost  ends  of  the  earth." 
btin,  though  he  foresaw  the  powers  of  the  medium,  he  did  not 
make  any  experiments  in  that  direction,  but  confined  himself 
to  the  endeavour  to  produce  crystals  of  various  kinds.  He  ul- 
timately obtained  forty-one  mineral  crystals,  or  minerals  uncrys- 
tamsed,  m  the  form  in  which  they  are  produced  by  nature,  in- 
eluding  one  sub-sulphate  of  copper-^  entirely  new  mineiS 
neither  found  in  nature  nor  formed  by  art  previously  His^! 
hef  was  that  even  diamonds  might  be  produced  in  this  way. 

Mr  Crosse  worked  alone  in  his  retreat  until  1836  when 
attending  the  meeting  of  the  British  Association  at  Bristol 
he  was  induced  to  explain  his  experiments,  for  which  he  wa| 

on.  de.cril.ed  in  a  very  attraoti/eri^^^^ 
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Shortly  after  Mr.  Crosse's  return  to  Fyne  Court,  while  pur- 
suing his  experiments  for  forming  crystals  from  a  highly  caus- 
tic solution  out  of  contact  with  atmospheric  air  he  was  greatly 
surprised  by  the  appearance  of  an  insect.    Black  flmt,  burnt  to 
redness  and  reduced  to  powder,  was  mixed  with  carbonate  of 
potash,  and  exposed  to  a  strong  heat  for  fifteen  minutes ;  and  the 
mixture  was  poured  into  a  black-lead  crucible  m  an  air  furnace. 
It  was  reduced  to  powder  while  warm,  mixed  with  boiling 
water,  kept  boiling  for  some  minutes,  and  then  hydrochloric 
acid  was  added  to  supersatumtion.   After  bemg  e^Pf  f  ^  ^o  vol- 
taic action  for  twenty-six  days,  a  perfect  insect  of  the  W 
tribe  made  its  appearance,  and  in  the  course  of  a  few  weeks 
about  a  hundred  more.   The  experiment  was  repeated  ui  other 
Chemical  fluids  with  the  like  results ;  and  Mr.  Weeks  of  Sand- 
,vich  afterwards  produced  theAcari  in  ferrocyanerret  of  potas- 
sS.    The  Acarusof  Mr.  Crosse  was  found  to  contribute  a  new 
species  of  that  genus,  nearly  approaching  the  Acari  found  m 
Xeese  and  flour,'or  more  nearly,  Herman's  fa^,,^^^^^^^^^ 

This  discovery  occasioned  great  excitement.  The  PossibUity 
was  denied,  though  Mr.  Faraday  is  said  to  have  stated  m  the 
Tme  year  that  he  had  seen  similar  appearances  m  his  own  elec- 
S?ieriments.  Mr.  Crosse  was  now  accused  of  mipiety  and 
aiming  at  creation,  to  which  attacks  he  thus  replied: 

A.,  to  the  appearance  of  the  acari  under  long-continued  electrical 
action  I  have  never  in  thought,  word,  or  deed  given  any  one  a  nght 
S^ppL^thlt  I  considered  ^^^.^^^^^^  ZZS.Z~^o. 

S'TrnSristoU"^^^^^^^^^^^ 

S;  of  cou.se,  can  o^^^^^^^^^^^^^^ 

Z:\<^^^i^smo^  lSZ^^  and  animal  matter  appeared  m- 

'''^These  Acari,  if  removed  from  their  birthplace,  lived  and  pro- 
\^   w  n^iiformlv  died  on  the  first  recurrence  of  frost,  and 
^:renk^ely  d^S^&rfe^        into  the  iuid  whence 

ofkr  Crosse's  visitors  thus  describes  the  vast  electrical 

iuto  the  newspapers  of  the  day. 
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the  rumbling  of  distant  thunder.   The  rain  is  already  plashing  in  great 
drops  against  the  glass,  and  the  sound  of  the  passing  sparks  continues 
to  startle  your  ear  ;  you  see  at  the  window  a  huge  brass  conductor,  with 
a  discharging  rod  near  it  passing  into  the  floor,  and  from  the  one  knob  to 
the  other  sparks  are  leaping  with  increasing  rapidity  and  noise,  every 
one  of  which  would  kill  twenty  men  at  one  blow,  if  they  were  linked  to- 
gether hand  in  hand  and  the  spark  sent  through  the  circle.    From  this 
conductor  wires  pass  off  without  the  window,  and  the  electric  fluid  is 
conducted  harmlessly  away.    Mr.  Crosse  approached  the  instrument  as 
boldly  as  if  the  flowing  stream  of  fire  were  a  harmless  spark.  Armed 
with  his  insulated  rod,  he  sent  it  into  his  batteries :  having  charged 
them,  he  showed  how  wire  was  melted,  dissipated  in  a  moment,  by  its 
passage  ;  how  metals — sUver,  gold,  and  tin — were  inflamed  and  burnt 
like  paper,  only  with  most  brilliant  hues.    He  showed  you  a  mimic  au- 
rora and  a  falUng-star,  and  so  proved  to  you  the  cause  of  those  beauti- 
fiil  phenomena. 

Mr.  Crosse  appears  to  have  produced  in  all  * '  about  200  varie- 
ties of  minerals,  exactly  resembling  in  all  respects  similar  ones 
found  in  nature."   He  tried  also  a  new  plan  of  extracting  gold 
from  its  ores  by  an  electrical  process,  which  succeeded,  but  was 
too  expensive  for  common  use.   He  was  in  the  habit  of  saying 
that  he  could,  like  Archimedes,  move  the  world  "if  he  were 
able  to  construct  a  battery  at  once  cheap,  powerful,  and  dura- 
ble." His  process  of  extracting  metals  from  their  ores  has  been 
patented.    Among  his  other  useful  applications  of  electricity 
are  the  purifymg  by  its  means  of  brackish  or  sea  water,  and  the 
improving  bad  wine  and  brandy.    He  agreed  with  Mr.  Quekett 
.  m_  thmking  that  it  is  by  electrical  action  that  silica  and  other 
mmei-al  substances  are  carried  into  and  assimilated  by  plants. 
Negative  electricity  Mr.  Crosse  found  favourable  to  no  plants 
except  fungi;  and  positive  electricity  he  ascertained  to  be  in- 
jui-ious  to  fungi,  but  favourable  to  every  thing  else. 
_    Mr.  Crosse  died  in  1855.   His  widow  has  published  a  very 
interesting  volume  of  Memorials  of  the  ingenious  experimenter 
from  which  we  select  the  following  :  ' 
On  one  occasion  Mr.  Crosse  kept  a  pair  of  soles  under  the  electric 
action  for  three  months ;  and  at  the  end  of  that  time  they  were  sent  to 
a  .nend,  whose  domestics  knew  nothing  of  the  experiment.  Before  the 
cook  dressed  them,  her  master  asked  her  whether  she  thought  they  were 
fresh,  as  he  had  some  doubts.    She  replied  that  she  was  sure  they  were 
^esh  ;  mdeed,  she  said  she  could  swear  that  they  were  aUve  yesterday » 
fc^fi°  appeared  like  ordinary  fish;  but  when  the 

femily  attempted  to  eat  them,  they  were  found  to  be  perfectly  tasteless 
f5«h  ,!n«f  f  f  action  had  taken  away  all  the  essential  oil,  leaving  the 
w  fi  . ''f   f  o™ver,  the  process  is  exceedingly  useful  for  keep- 

ing tish,  meat,  &c.  fresh  and  good  for  ten  days  or  a  fortnight    I  have 
ZZlZi  "  f^'fr'""'^  explanation  of  the  cause  oTthTantiseptic 
Whether  n.T^T''^  ?  water  by  the  passage  of  the  electric  current. 
Th«L^l       !       ^""^  something  to  do  with  it,  maybe  a  question 
The  same  effect  m  produced  whichever  two  dissimOar  metals  a/e  used 
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Efje  ((Electric  ^elesrapfj* 


ANTICIPATIONS  OF  THE  ELECTRIC  TELEGEAPH. 

The  great  secret  of  ubiquity,  or  at  least  of  instantaneous  trans- 
mission, has  ever  exercised  the  ingenuity  of  mankind  in  various 
romantic  myths ;  and  the  discovery  of  certain  properties  of  the 
loadstone  gave  a  new  direction  to  these  fancies. 

The  earliest  anticipation  of  the  Electric  Telegraph  of  this 
purely  fabulous  character  forms  the  subject  of  one  of  the  Pro- 
lusimes  Academicce  of  the  learned  Italian  Jesmt  Strada,  trst 
pubUshed  at  Rome  in  the  year  1617.    Of  this  poem  a  free 
translation  appeared  in  1750.  Strada's  fancy  was  this  :  There 
is,"  he  supposes,  "a  species  of  loadstone  which  possesses  such 
virtue,  that  if  two  needles  be  touched  with  it,  and  then  bal- 
anced on  separate  pivots,  and  the  one  be  turned  in  a  parti- 
cular direction,  the  other  will  sympathetically  move_  paraUel 
to  it.   He  then  directs  each  of  these  needles  to  be  poised  and 
mounted  parallel  on  a  dial  having  the  letters  of  the  alphabet 
arranged  round  it.    Accordingly,  if  one  person  has  one  ot  the 
dials,  and  another  the  other,  by  a  Uttle  pre-arrangement  as  to 
details  a  correspondence  can  be  maintained  between  them  at 
any  distance  by  simply  pointing  the  needles  to  the  letters  ot 
the  required  words.  Strada,  in  his  poetical  revene,  dreamt  that 
some  such  sympathy  might  one  day  be  found  to  hold  up  the 

^TtSl\t'nc';!t  seems  to  have  made  a  profound  impression 
on  the  master-minds  of  the  day.  His  poem  is  q^o^^d  m  many 
works  of  the  seventeenth  and  eighteenth  centuries ;  and  Bishop 
Wnkins,  in  his  book  on  Cryptology  is  «t^^g?|y/^^yg*3 
his  readers  should  mistake  Strada's  fancy  for  fact.  Wilkms 
writes  :  "  This  invention  is  altogether  imagmary,  having  no 
Foundation  in  any  real  experiment.  ,  You  may  fee  J^^^JJ^^y 
confuted  in  those  that  treat  concermng  magnetical  virtues. 

Again,  Addison,  in  the  241st  No.  of  the  ,fP^^f ''J'  l/^^, 
descrfbes  Strada's  "Chimerical  correspondence  ''  and  adds  hat, 
«  if  ever  this  invention  should  be  revived  or  P^^,"^  P^f  Yh^^p 
he  "  would  propose  that  upon  the  lover's  dial  "Plate  there 
should  be  written  not  only  the  four-and-twenty  letters,  but  e^ 
veral  entire  words  which  have  always  a  place  passionate  epi^ 
ties  as  flames,  darts,  die,  language,  absence,  Cupid,  heart,  eyes, 
beTn^dro^,  and  the  like.  This  would  veiy  much  abndge  the 
lovers  pSTin  this  way  of  writing  a  letter,  as  it  would  enable 
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him  to  express  the  most  useful  and  significant  words  with  a 
single  touch  of  the  needle." 

After  Strada  and  his  commentators  comes  Henry  Van  Etten, 
who  shows  how  "Claude,  being  at  Paris,  and  John  at  Rome, 
might  converse  together,  if  each  had  a  needle  touched  by  a 
stone  of  such  virtue  that  as  one  moved  itself  at  Paris  the  other 
should  be  moved  at  Rome :"  he  adds,  "it  is  a  fine  invention, 
but  I  do  not  think  there  is  a  magnet  in  the  world  which  has 
such  virtue ;  besides,  it  is  inexpedient,  for  treasons  would  be 
too  frequent  and  too  much  protected.  (Recreations  Mathema- 
tiques:  see  5th  edition,  Paris,  1660,  p.  158.)  Sir  Thomas  Browne 
refers  to  this  "  conceit"  as  "  excellent,  and,  if  the  eflFect  would 
follow,  somewhat  divine;"  but  he  tried  the  two  needles  touched 
with  the  same  loadstone,  and  placed  in  two  circles  of  letters, 
"  one  friend  keeping  one  and  another  the  other,  and  agreeing 
upon  an  hour  when  they  will  communicate,"  and  found  the  tra- 
dition a  failure  that,  "at  what  distance  of  place  soever,  when 
one  needle  shall  be  removed  unto  any  letter,  the  other,  by  a 
wonderful  sympathy,  will  move  unto  the  same."  (See  Vtilgar 
Errors,  book  ii.  ch.  iii.) 

Glanvill's  Vanity  of  Dogmatizing,  a  work  published  in  1661, 
however,  contains  the  most  remarkable  allusion  to  the  prevail- 
ing telegraphic  fancy.  Glauvill  was  an  enthusiast,  and  he  clearly 
predicts  the  discovery  and  general  adoption  of  the  electric  tele- 
graph. "  To  confer,"  he  says,  "  at  the  distance  of  the  Indies 
by  sympathetic  conveyance  may  be  as  usual  to  future  times  as 
to  us  in  a  literary  correspondence. "  By  the  word  "sympathe- 
tic" he  evidently  intended  to  convey  magnetic  agency ;  for  he 
subsequently  treats  of  "conference  at  a  distance  by  impreg- 
nated needles,"  and  describes  the  device  substantially  as  it  is 
given  by  Sir  Thomas  Browne,  adding,  that  though  it  did  not 
then  answer,  "by  some  other  such  way  of  magnetic  efliciency 
it  may  hereafter  with  success  be  attempted,  when  magical  his- 
tory shall  be  enlarged  by  riper  inspection;  and  'tis  not  unlikely 
but  that  present  discoveries  might  be  improved  to  the  perform- 
ance." This  may  be  said  to  close  the  most  speculative  or  my- 
thical period  in  reference  to  the  subject  of  electro-telegraphy. 

Electricians  now  began  to  be  sedulous  in  their  experiments 
upon  the  new  force  by  friction,  then  the  only  known  method 
of  generatmg  electricity.  In  1729,  Stephen  Gray,  a  pensioner 
ot  the  Charter-house,  contrived  a  method  of  making  electrical 
signals  through  a  wire  765  feet  long  ;  yet  this  most  important 
experunent  did  not  excite  much  attention.  Next  Dr.  Watson, 
01  the  Royal  Society,  experimented  on  the  possibility  of  trans- 
mitting electricity  through  a  large  circuit  from  the  simple  fact  of 
Le  Monnier  s  account  of  his  feeling  the  stroke  of  the  electrified 
fires  through  two  of  the  basins  of  the  TuHeries  (which  occupy 
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nearly  an  acre),  by  means  of  an  iron  chain  lying  upon  the  ground 
and  stretched  round  half  their  circumference.  In  1 745,  Dr.  Wat- 
son, assisted  by  several  members  of  the  Royal  Society,  made  a 
series  of  experiments  to  ascertain  how  far  electricity  could  be 
conveyed  by  means  of  conductors.  "  They  caused  the  shock  to 
pass  across  the  Thames  at  Westminster  Bridge,  the  circuit  being 
completed  by  making  use  of  the  river  for  one  part  of  the  chain 
of  communication.  One  end  of  the  wire  communicated  with 
the  coating  of  a  charged  phial,  the  other  being  held  by  the  ob- 
server, who  in  his  other  hand  held  an  iron  rod  which  he  dipped 
into  the  river.  On  the  opposite  side  of  the  river  stood  a  gentle- 
man, who  likewise  dipped  an  iron  rod  in  the  river  with  one 
hand,  and  in  the  other  held  a  wire  the  extremity  of  which 
might  be  brought  into  contact  with  the  wire  of  the  phial.  Upon 
making  the  discharge,  the  shock  was  felt  simultaneously  by 
both  the  observers."  [Priestley's  History  of  Electricity.)  Sub- 
sequently the  same  parties  made  experiments  near  Shooter's 
Hill,  when  the  wires  formed  a  circuit  of  four  mUes,  and  con- 
veyed the  shock  with  equal  facility, — "a  distance  which  without 
trial,"  they  observed,  "  was  too  great  to  be  credited."*  These 
experiments  in  1747  established  two  great  principles  :  1,  that 
the  electric  current  is  transmissible  along  nearly  two  miles  and 
a  half  of  iron  wire ;  2,  that  the  electric  current  may  be  completed 
by  burying  the  poles  in  the  earth  at  the  above  distance. 

In  the  following  year,  1748,  Benjamin  Franklin  performed 
his  celebrated  experiments  on  the  banks  of  the  Schuylkill,  near 
Philadelphia ;  which  being  interrupted  by  the  hot  weather,  they 
were  concluded  by  a  picnic,  when  spirits  were  tired  by  an  elec- 
tric spark  sent  through  a  wire  in  the  river,  aad  a  turkey  was 
killed  by  the  electric  shock,  and  roasted  by  the  electric  jack 
before  a  fire  kindled  by  the  electrified  bottle. 

In  the  year  1753,  there  appeared  in  the  Scots'  MagaziiM,  vol. 
XV.,  definite  proposals  for  the  construction  of  an  electric  tele- 
graph, requiring  as  many  conducting  wu-es  as  there  are  letters 
in  the  alphabet ;  it  was  also  proposed  to  converse  by  chimes, 
by  substituting  bells  for  the  balls.  A  similar  system  of  tele- 
graphing was  next  invented  by  Joseph  Bozolus,  a  Jesuit,  at 
Eome ;  and  next  by  the  great  Italian  electrician  Tiberius  Ca- 
vallo,  in  his  treatise  on  Electricity. 

In  1787,  Arthur  Young,  when  travelling  m  France,  saw  a 
model  working  telegi-aph  by  M.  Lomond  :  "  You  write  two  or 
three  words  on  a  paper,"  says  Young;  "he  takes  it  vyith  him 
into  a  room,  and  turns  a  machine  enclosed  in  a  cylindrical  case, 

»  These  experiments  were  performed  at  the  expense  of  the  Royal  Society  and 
cost  10/.  5s.  6d    In  the  Paper  detailing  the  ej^P^/'^ents  printed  .n  th^^^^^^ 
volume  of  the  Philosophical  Transactions  occurs  the  first  ."^ention  of  Dr.  FranKlmj 
name,  and  of  his  theory  of  positive  and  negative  electricity.- IFeWs  Hist.  Uoyai 
Soc.  vol.  i.  p.  467. 
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at  the  top  of  which  is  an  electrometer — a  small  fine  pith-ball ; 
a  wire  connects  with  a  similar  cylinder  and  electrometer  in  a 
distant  apartment;  and  his  wife,  by  remarking  the  correspond- 
ing motions  of  the  ball,  writes  down  the  words  they  indicate  : 
from  which  it  appears  that  he  has  formed  an  alphabet  of  mo- 
.tions.  As  the  length  of  the  wire  makes  no  difference  in  the 
eflFect,  a  correspondence  might  be  carried  on  at  any  distance. 
Whatever  the  use  may  be,  the  invention  is  beautiful." 

We  now  reach  a  new  epoch  in  the  scientific  period — the  dis- 
covery of  the  Voltaic  Pile.  In  1794,  according  to  Voiqt's  Maga- 
zine, Reizen  made  use  of  the  electric  spark  for  the  telegraph ; 
and  in  1798  Dr.  Salva  of  Madrid  constructed  a  similar  tele- 
graph, which  the  Prince  of  Peace  subsequently  exhibited  to  the 
King  of  Spain  with  great  success. 

In  1809,  Soemmering  exhibited  a  telegraphic  apparatus 
worked  by  galvanism  before  the  Academy  of  Sciences  at  Munich, 
in  which  the  mode  of  signalling  consisted  in  the  development 
of  gas-bubbles  from  the  decomposition  of  water  placed  in  a 
series  of  glass  tubes,  each  of  which  denoted  a  letter  of  the  al- 
phabet. In  1813,  Mr.  Sharpe,  of  Doe  Hill  near  Alfreton,  de- 
vised a  w^toic-electric  telegraph,  which  he  exhibited  to  the 
Lords  of  the  Admiralty,  who  spoke  approvingly  of  it,  but  de- 
clmed  to  carry  it  into  efi"ect.  In  the  foUowing  year,  Soemmer- 
ing exhibited  a  voltaic-electric  telegraph  of  his  own  construction 
which,  however,  was  open  to  the  objection  of  there  being  as 
many  wires  as  signs  or  letters  of  the  alphabet. 

The  next  invention  is  of  much  greater  importance.  Upon 
the  suggestion  of  Cavallo,  already  referred  to,  Francis  Ronalds 
constructed  a  perfect  electric  telegraph,  employing  frictional 
electricity  notwithstanding  Volta's  discoveries  had  been  known 
in  England  for  sixteen  years.  This  telegraph  was  exhibited  at 
Hammersmith  m  1816  :*  it  consisted  of  a  single  insulated  wire 
the  indication  being  by  pith-baUs  in  front  of  a  dial.  When  the 
wire  vyas  charged  the  balls  were  divergent,  but  collapsed  when 
the  wire  was  discharged  ;  at  the  same  time  were  employed  two 
clocks  with  lettered  discs  for  the  signals.  "  If,  as  Paley  asserts 
(and  Coleridge  demes),  '  he  alone  discovers  who  proves,'  Ro- 
nalds IS  entitled  to  the  appellation  of  the  first  discoverer  of  an 
emcient,  electric  telegraph. ''(^So^^^rt^ayifet^iew;,  No.  147  t)  Never- 
theless the  Government  of  the  day  refused  to  avaU  itself  of  this 
aamirable  contrivance. 

In  1819,  Oersted  made  his  great  discovery  of  the  deflection 
by  a  current  of  electricity,  of  a  magnetic  needle  at  right  anglS 

the  uttermost  parts  of  the  g^'^^^^T,  thoughts  instantanec  usly  with 

t  To  which  paper  the  writer  is  indebted  for  many  of  these  details. 
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to  such  current.  Dr.  Harael  of  St.  Petersburg  states  that 
Baron  Schilling  was  the  first  to  apply  Oersted's  discovery  to 
telegraphy  ;  Ampere  had  previously  suggested  it,  but  his  plan 
was  very  complicated,  and  Dr.  Hamel  maintains  that  Schil- 
ling first  realised  the  idea  by  actually  producing  an  electro- 
magnetic telegraph  simpler  in  construction  than  that  which 
Ampere  had  imagined.  In  1836,  Professor  Muncke  of  Heidel- 
berg, who  had  inspected  Schilling's  telegraphic  apparatus,  ex- 
plained the  same  to  William  Fothergill  Cooke,  who  in  the 
following  year  returned  to  England,  and  subsequently,  with 
Professor  Wheatstone,  laboured  simultaneously  for  the  intro- 
duction of  the  electro -magnetic  telegraph  upon  the  English 
railways;  the  first  patent  for  which  was  taken  out  in  the  joint 
names  of  these  two  gentlemen. 

In  1844,  Professor  Wheatstone,  with  one  of  his  telegraphs, 
formed  a  communication  between  King's  College  and  the  lofty 
ehot-tower  on  the  opposite  bank  of  the  Thames  :  the  wire  was 
laid  along  the  parapets  of  the  terrace  of  Somerset  House  and 
Waterloo  Bridge,  and  thence  to  the  top  of  the  tower,  about  150 
feet  high,  where  a  telegraph  was  placed;  the  wire  then  de- 
scended, and  a  plate  of  zinc  attached  to  its  extremity  was 
plunged  into  the  mud  of  the  river,  whilst  a  similar  plate  at- 
tached to  the  extremity  at  the  north  side  was  immersed  in  the 
water.  The  circuit  was  thus  completed  by  the  entire  breadth 
of  the  Thames,  and  the  telegraph  acted  as  well  as  if  the  circuit 
were  entirely  metallic. 

Shortly  after  this  experiment.  Professor  Wheatstone  and 
Mr.  Cooke  laid  down  the  first  working  electric  telegraph  on  the 
Great  Western  Railway,  from  Paddington  to  Slough. 

ELECTEIC  GIRDLE  FOR  THE  EARTH. 

One  of  our  most  profound  electricians  is  reported  to  have 
exclaimed:  "  Give  me  but  an  unlimited  length  of  wire,  with  a 
Bmall  battery,  and  I  will  girdle  the  universe  with  a  sentence  in 
forty  minutes."  Yet  this  is  no  vain  boast ;  for  so  rapid  is  the 
transition  of  the  electric  current  along  the  line  of  the  telegraph 
wire,  that,  supposing  it  were  possible  to  carry  the  wires  eight 
times  round  the  earth,  the  transit  would  occupy  but  one  second 
of  time  ! 

CONSUMPTION  OF  THE  ELECTRIC  TELEGRAPH. 

It  is  singular  to  see  how  this  telegraphic  agency  is  mea- 
sured by  the  chemical  consumption  of  zinc  and  acid.  I\Ir.  J  ones 
(who  has  written  a  work  upon  the  Electric  Telegraphs  of  Ame- 
rica) estimates  that  to  work  12,000  miles  of  telegraph  about 
3000  zinc  cups  are  used  to  hold  the  acid  :  these  weigh  about 
9000  lbs.,  and  they  undergo  decomposition  by  the  galvanic 
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action  in  about  six  months,  so  that  18,000  lbs.  of  zinc  are  con- 
Bumed  in  a  year.  There  are  also  about  3600  porcelain  cups  to 
contain  nitric  acid ;  it  requires  450  lbs.  of  acid  to  charge  them 
once,  and  the  charge  is  renewed  every  fortnight,  making  about 
j  12,000  lbs.  of  nitric  acid  in  a  year. 

TIME  LOST  IN  ELECTRIC  MESSAGES. 

Although  it  may  require  an  hour,  or  two  or  three  hours,  to 
transmit  a  telegraphic  message  to  a  distant  city,  yet  it  is  the 
mechanical  adjustment  by  the  sender  and  receiver  which  really 
absorbs  this  time;  the  actual  transit  is  practically  instanta- 
neous, and  so  it  would  be  from  here  to  the  antipodes,  so  far  as 
the  current  itself  is  concerned. 

THE  ELECTRIC  TELEGRAPH  IN  ASTRONOMY  AND  THE 
DETERMINATION  OF  LONGITUDE. 

The  Electric  Telegraph  has  become  an  instrument  in  the 
hands  of  the  astronomer  for  determining  the  difference  of  lon- 
gitude between  two  observatories.   Thus  in  1854  the  difference 
of  longitude  between  London  and  Paris  was  determined  within 
a  limit  of  error  which  amounted  barely  to  a  quarter  of  a  second. 
The  sudden  disturbances  of  the  magnetic  needle,  when  freely 
suspended,  which  seem  to  take  place  simultaneously  over  whole 
contments,  if  not  over  the  whole  globe,  from  some  unexplained 
tause,  are  pomted  out  as  means  by  which  the  differences  of  lon- 
gitude between  the  magnetic  observatories  may  possibly  be  deter- 
mined with  greater  precision  than  by  any  yet  known  method. 
_   bo  long  ago  as  1839  Professor  Morse  suggested  some  expe- 
1  Q")f    ^-J^^  determination  of  Longitudes ;  and  in  Juno 
1844  the  difference  of  longitude  between  Washington  and  Bal- 
timore was  determined  by  electric  means  under  his  direction, 
i  wo  persons  were  stationed  at  these  two  towns,  with  clocks 
carefully  adjusted  to  the  respective  spots;  and  a  telegraphic 
signal  gave  the  means  of  comparing  the  two  clocks  at  a  given 
instant.    In  1 847  the  relative  longitudes  of  New  York,  Phila- 
delphia and  Washington  were  determined  by  means  of  the 
electric  telegraph  by  Messrs.  Keith,  Walker,  and  Loomis. 

NON-INTERFERENCE  OF  GALVANIC  WAVES  ON  THE  SAME  WIRE. 

fni.2!!.^i?^-^^l™°^  remarkable  facts  in  the  economy  of  the 
telegraph  is,  that  the  line,  when  connected  with  a  battery  iu 
action  propagates  the  hydro-galvanic  waves  in  either  direction 
mnv  oof  '"i«?-^«^ence.  As  several  successive  syllables  of  sound 
2l!t\h  fro'"  the  same  place,  and  be  on  their 

w  ay  at  the  same  time,  to  a  listener  at  a  distance,  so  also,  where 
he  telegraph-line  is  long  enough,  several  waves  may  be  on 
their  way  from  the  signal  station  before  the  first  one  reaches  • 

a 
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the  receiving  station  ;  two  persons  at  a  distance  may  pro- 
nounce several  syllables  at  the  same  time,  and  each  hear  those 
emitted  hv  the  other.  So,  on  a  telegraph-line  of  two  or  three 
thousand  "miles  in  length  in  the  air,  and  the  same  in  the 
ground,  two  operators  may  at  the  same  instant  commence  a 
series  of  several  dots  and  lines,  and  each  receive  the  other's 
writings,  though  the  waves  have  crossed  each  other  on  the  way. 

EFFECT  OF  LIGHTNING  UPON  THE  ELECTRIC  TELEGRAPH. 

In  the  storm  of  Sunday  April  2,  1848,  the  lightning  had  a 
very  considerable  effect  on  the  wires  of  the  electric  telegraph, 
particularly  on  the  line  of  railway  eastward  from  Manchester 
to  Normanton.  Not  only  were  the  needles  greatly  deflected, 
and  their  power  of  answering  to  the  handles  considerably  weak- 
ened, but  those  at  the  Normanton  station  were  found  to  have 
had  their  poles  reversed  by  some  action  of  the  electric  fluid  in 
the  atmosphere.  The  damage,  however,  was  soon  repaired,  and 
the  needles  again  put  in  good  working  order. 

ELECTRO-TELEGRAPHIC  MESSAGE  TO  THE  STARS. 

The  electric  fluid  travels  at  the  mean  rate  of  20,000  miles 
in  a  second  under  ordinary  circumstances  ;  therefore,  if  it  were 
possible  to  establish  a  telegraphic  communication  with  the  star 
61  Cveni,  it  would  require  ninety  years  to  send  a  message  there. 

Professor  Henderson  and  Mr.  Maclear  have  fully  confirmed 
the  annual  parallax  of  a  Centaurl  to  amount  to  a  second  of  arc, 
which  gives  about  twenty  billions  of  miles  as  its  distance  from 
our  system  ;  a  ray  of  light  would  arrive  from  a  Centaun  to  us  in 
little  more  than  three  years,  and  a  telegraphic  despatch  would 
arrive  there  in  thirty  years. 

THE  ATLAJ^TIC  TELEGRAPH. 

The  telegraphic  communication  between  England  and  the 
United  States  is  so  grand  a  conception,  that  it  would  be  impos- 
sible to  detail  its  scientific  and  mechanical  relations  with  n  the 
limits  of  the  present  work.  All  that  we  shaU  attempt,  there- 
fore will  be  to  glance  at  a  few  of  the  leading  operations. 

in  ihe  experiments  made  before  the  Atlantic  Telegraph  was 
finally  decided  on,  2000  miles  of  subterranean  and  submarine 
Sophie  wires, 'ramifying  through  England  and  Ireland  aud 
3r  the  waters'  of  the  Irish  Sea,  were  specially  conn^ct^^^^^^^ 
the  purpose  ;  and  through  this  distance  of  2000  miles  ZoO  ais 
fnct^signals'were  recorded  and  printed  in  one  minute 

First,  as  to  the  Cable.  In  the  ordinary  wires  by  the  s  de  or 
a  railway  the  electric  current  travels  on  with  the  speed  of  hght- 
ruirc.-uninterrupted  by  the  speed  of  ightnmg ;  but  when  a 
S  is  encased  in  gutta-percha,  or  any  smiilar  covering,  for  suD- 
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mersion  in  the  sea,  new  forces  come  into  play.  The  electric  ex- 
citement  of  the  wire  acts  by  induction,  through  the  envelope, 
upon  the  particles  of  water  in  contact  with  that  envelope,  and 
calls  up  an  electnc  force  of  an  opposite  kind.  There  are  two 
lorces,  in  fact,  pulling  against  each  other  through  the  eutta- 
Sl^a         X  -that  is,  the  electricity  in  the 

Jire  and  the  opposite  electricity  in  the  film  of  water  imme- 
diately surrounding  the  cable  ;  and  to  that  extent  the  power  of 
the  current  in  the  enclosed  wire  is  weakened.    A  submarine 
^ble  when  in  the  water,  is  virtually  a  ^e«yM.^.c/.orzS 
jar  ;  it  transmits  signals  while  being  charged  and  discharS 
1  instead  of  merely  allowing  a  stream  to  flow^even"y         i?  it 
IS  a         for  holding  electricity  rather  than  I  S  for  ci^vin^ 
I  It ;  and  this  has  to  be  filled  for'every  time  of  uTg  Se^^ 
being  carried  underground,  or  through  the  water  the  sneed  be 

steadTtwo  ZnJfll'       %  ''''''^^'^  ^^^^  -  ^^^^^^^^^ 
stead  of  two  hundred  thousand,  owing  to  the  retardation  hv  m 

duced  or  retrognide  currents.    The  efergy  of  £  cuS^^^^ 
the  quahty  of  the  wire  also  affect  the  fpeed.    uSJil  latelt  it 

city  3  t'ft  fto  ^^^^  ^"^^     '  condnTllt  jti 

city  and  that  a  long  wire  must  produce  a  weaker  effect  than  i 

pKce  of  apparatus  preparerconsS     i  J  ^"^  " 

zinc  and  silver  plates  aIm,,t  t^!.  on.f     '""intj'-flve  pairs  of 

addulated  water  or  briSeeXm  ^  On  ".h  ''° "  "  ^i'"?  °' 
liputian  batter,  by  dipping  the  plates  ,'„  °t  th.s  Lil- 

mges  were  sent  from  it  throu"h  n  f^K^"^  mes- 

the  utmost  ease  ;  and  not  oufv  so     r^^^i         °^  '^^^'^ 
f  out  from  the  series,  the'Ls^^esVnratnNeS?"'  ""11'°^^'"* 

^ud  siu,.?dro'p 
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sand  miles  of  the  cable  !    Each  signal  was  registered  at  the  cud 
of  the  cable  in  less  than  three  seconds  of  time. 

The  entire  length  of  wire,  iron  and  copper,  spun  into  the 
cable  amounts  to  332,600  miles,  a  length  sufficient  to  ei)girdlc 
the  earth  thirteen  times.  The  cable  weighs  from  19  cwt.  to  a 
ton  per  mile,  and  will  bear  a  strain  of  5  tons. 

The  Perpetual  Maintenance  Battery,  for  working  the  cable  at 
the  bottom  of  the  sea,  consists  of  large  plates  of  platinated  sil- 
ver and  amalgamated  zinc,  mounted  in  cells  of  gutta-percha. 
The  zinc  plates  in  each  cell  rest  upon  a  longitudinal  bar  at  the 
bottom,  and  the  silver  plates  hang  upon  a  similar  bar  at  the  top 
of  the  cell ;  so  that  there  is  virtually  but  a  single  stretch  of 
silver  and  a  single  stretch  of  zinc  in  operation.    Each  of  the 
ten  cells  contains  2000  square  inches  of  acting  surface ;  and 
the  combination  is  so  powerful,  that  when  the  broad  strips  of 
copper-plate  which  form  the  polar  extensions  are  brought  into 
contact  or  separated,  brilliant  flashes  are  produced,  accompa- 
nied by  a  loud  crackling  sound.    The  points  of  large  pliers  are 
made  red-hot  in  five  seconds  when  placed  between  them,  and 
even  screws  burn  with  vivid  scintillation.    The  cost  of  main- 
taining this  magnificent  ten-celled  Titan  battery  at  work  does 
not  exceed  a  shilling  per  hour.    The  voltaic  current  generated 
in  this  battery  is  not,  however,  the  electric  stream  to  be  sent 
across  the  Atlantic,  but  is  only  the  primary  power  used  to  call 
up  and  stimulate  the  energy  of  a  more  speedy  traveUer  by  a 
complicated  apparatus  of  "Double  Induction  Coils./   Nor  is 
the  transmission-current  generated  in  the  inner  wire  of  the 
double  induction  coil,— and  which  becomes  weakened  when  it 
has  passed  through  1800  or  1900  miles,— set  to  work  to  prmt  or 
record  the  signals  transmitted.   This  weakened  current  merely 
opens  and  closes  the  outlet  of  a  fresh  battery  which  is  to  do 
the  printing  labour.    This  relay-instrument  (as  it  is  called), 
which  consists  of  a  temporary  and  permanent  magnet,  is  so  sen- 
sitive an  apparatus,  that  it  may  be  put  in  action  by  a  fragment 
of  zinc  and  a  sixpence  pressed  against  the  tongue. 

The  attempts  to  lay  the  cable  in  August  1857  failed  through 
stretching  it  so  tightly  that  it  snapped  and  went  to  the  bottom, 
at  a  depth  of  12,000  feet,  forty  times  the  height  of  St.  Paul  s. 

This  great  work  was  resumed  in  August  1858  ;  and  on  the 
5th  the  first  signals  were  received  through  two  thousand  and 
fny^:iroi\^^il-r.ii.  Cable.  And  it  is  worthy  o  remark 
that  iust  111  years  previously,  on  the  5th  of  August  1747,  Pr. 
Watson  as  onished  the  scientific  world  by  practically  proving 
S  ?he  electric  current  could  be  transmitted  through  a  unn 
hardly  two  miles  and  a  half  long.* 
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HOW  MARINE  CHRONOMETEES  AEE  BATED  AT  THE  ROYAL 
OBSERVATORY,  GREENWICH. 

The  determination  of  the  Longitude  at  Sea  requires  simply 
accurate  instruments  for  the  measurement  of  the  positions  of 
the  heavenly  bodies,  and  one  or  other  of  the  two  following,— 
either  perfectly  correct  watches — or  chronometers,  as  they  are 
now  called — or  perfectly  accurate  tables  of  the  lunar  motions. 

So  early  as  1696  a  report  was  spread  among  the  members  of 
the  Royal  Society  that  Sir  Isaac  Newton  was  occupied  with  the 
problem  of  finding  the  longitude  at  sea ;  but  the  rumour  having 
no  foundation,  he  requested  Halley  to  acquaint  the  members 
"that  he  was  not  about  it."*  {Sir  Bavid  Brewster's  Life  of 
Newton. ) 

In  1 714  the  legislature  of  Queen  Anne  passed  an  Act  offer- 
ing a  reward  of  20,000^.  for  the  discovery  of  the  longitude,  the 
problem  being  then  very  inaccurately  solved  for  want  of  good 
watches  or  lunar  tables.  About  the  year  1749,  the  attention 
of  the  Royal  Society  was  directed  to  the  improvements  eflfected 
in  the  construction  of  watches  by  John  Harrison,  who  received 
for  his  inventions  the  Copley  Medal.  Thus  encouraged,  Har- 
rison continued  his  labours  with  unwearied  diligence,  and 
produced  in  1758  a  timekeeper  which  was  sent  for  trial  on  a 
voyage  to  Jamaica.  After  161  days  the  error  of  the  instru- 
ment was  only  1»  5',  and  the  maker  received  from  the  nation 
SdOO;.  The  Commissioners  of  the  Board  of  Longitude  subse- 
quently required  Harrison  to  construct  under  their  inspection 
chronometers  of  a  similar  nature,  which  were  subjected  tO 
trial  in  a  voyage  to  Barbadoes,  and  performed  with  such  accu- 
racy, that,  after  having  fully  explained  the  principle  of  their 
construction  to  the  commissioners,  they  awarded  him  10  000^ 
more  ;  at  the  same  time  Euler  of  Berlin  and  the  heirs  of  Mayer 
of  Gottmgen  received  each  3000^.  for  their  lunar  tables. 

«f  fL^^''^"  J/'^ever.  much  pestered  with  inquirers ;  and  a  Correspondent 
of  the  Gentl^^n'sifagozine,  in  1784,  relates  that  he  once  had  a  transient  vi^ew  of 
«  Ms.  m  Pope's  handwriting,  in  which  he  read  a  verified  anecdote  relat"n- to  the 
above  period  Sir  Isaac  being  often  interrupted  by  ignorant  preteS^  to  th« 
discovery  of  the  lon^Mtude,  ordered  his  porter  to  inquire  of  eve  7  sJrar^ger  who 
desired  admission  whetlier  he  came  about  the  longitude,  and  to  exclude  such  rh 
SlS  ra',;  t Je  "fflrmative.   Two  lines  in  Pope's  Ms.,  a^  the  Co^reljJndentxe! 


Is  it  about  the  longitude  yon  come?' 
The  porter  asks :  '  Sir  Isaac 's  not  at  home.' " 
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The  account  of  the  trial  of  Harrison's  watch  is  very  interesting.  In 
April  1766,  by  desire  of  the  Commissioners  of  the  Board,  the  Ix)rd3  of 
the  Admiralty  delivered  the  watch  into  the  custody  of  the  Astronomer- 
Koyal,  the  Rev.  Dr.  Nevil  Maskelyne.  It  was  then  ])laced  at  the  lioyal 
Olwervatory  at  Greenwich,  in  a  box  having  two  different  locks,  fixed  to 
the  floor  or  wainscot,  with  a  plate  of  glass  in  the  lid  of  the  box,  so  that 
it  might  be  compared  as  often  as  convenient  with  the  regulator  and  the 
variation  set  down.  The  form  observed  by  Mr.  Harrison  in  winding  up 
the  watch  was  exactly  followed  ;  and  an  officer  of  Greenwich  Hospital 
attended  every  day,  at  a  stated  hour,  to  see  the  watch  wound  up,  and 
its  comparison  with  the  regulator  entered.  A  key  to  one  of  the  locks 
was  kept  at  the  Hospital  for  the  use  of  the  officer,  and  the  other  re- 
mained at  the  Observatory  for  the  use  of  the  Astronomer-Koyal  or  his 
assistant. 

The  watch  was  then  tried  in  various  positions  till  the  beginning  of 
July ;  and  from  thence  to  the  end  of  February  following  in  a  horizontal 
position  with  its  face  upwards. 

The  variation  of  the  watch  was  then  noted  down,  and  a  register  was 
kept  of  the  barometer  and  thermometer  ;  and  the  time  of  comparing 
the  same  with  the  regulator  was  regularly  kept,  and  attested  by  the 
Astronomer- Royal  or  his  assistant  and  such  of  the  officers  as  witnessed 
the  winding  up  and  comparison  of  the  watch. 

Under  these  conditions  Harrison's  watch  was  received  by  the  Astro- 
nomer-Royal at  the  Admiralty  on  May  5,  1766,  in  the  presence  of  Philip 
Stephens,  Esq.,  Secretary  of  the  Admiralty ;  Captain  Baillie,  of  the  Royal 
Hospital,  Greenwich  ;  and  Mr.  Kendal  the  watchmaker,  who  accom- 
panied the  Astronomer- Royal  to  Greenwich,  and  saw  the  watch  started 
aud  locked  up  in  the  box  provided  for  it.  The  watch  was  then  com- 
pared with  the  ti'ansit  clock  daily,  and  wound  Tip  in  the  presence  of  the 
officer  of  Greenwich  Hospital.  From  May  5  to  May  17  the  watch  waa 
kept  in  a  horizontal  position  with  its  face  upwards ;  from  May  18  to 
July  6  it  was  tried— first  inclined  at  an  angle  of  20*^  to  the  horizon,  with 
the  face  upwards,  and  the  hours  12,  6,  3,  and  9,  highest  successively  ; 
then  in  a  vertical  position,  with  the  same  houi-s  highest  in  order;  lastly, 
in  a  horizontal  position  with  the  face  downwards.  From  July  16,  1766, 
to  March  4, 1767,  it  was  always  kept  in  a  horizontal  position  with  its 
face  upwards,  Ijdng  upon  the  same  cushion,  and  in  the  same  box  in 
which  Mr.  Harrison  had  kept  it  in  the  voyage  to  Barbadoes. 

From  the  observed  transits  of  the  sun  over  the  meridian,  according 
to  the  time  of  the  regulator  of  the  Observatory,  together  with  the  at- 
tested comparisons  of  Mr.  Harrison's  watch  with  the  transit  clock,  the 
watch  was  found  too  fast  on  several  days  as  follows : 

h.  m.  B. 

1766.  May  6         too  fast        0  0   16  2 
..  17  ..  0  3  51-8 


July  6 
Aug.  6 
Sept.  17 
Oct  29 
Dec.  10 
1767i  Jan.  21 
March  4 


0  14  14  0 

0  23  58  4 

0  32  15  6 

0  42  20  9 

0  54  46  8 

1  0  28  6 
1  11  23  0 


From  May  6,  which  was  the  day  after  the  watch  arrived  at  the  Royal 
Observatory,  to  March  4,  1767,  there  were  six  periods  of  six  weeks  each 
in  which  the  watch  was  tried  in  a  horizontal  position  ;  when  the  gaining 
In  these  several  periods  was  as  foUows : 
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All     lilts             pel  lUU    Vl    O  1 

weeks  (from  Aug.  6  to  I  „ 
Sept.  17)  ) 

8 

17 

ft 

2 

4 

In  the  3d  period  (from') 
Sept.  17  to  Oct.  29)     j  " 

10 

5 

2 

31 

In  the  4th  period  (from ") 
Oct.  29  to  Dec.  20)       )  " 

12 

26 

3 

& 

In  the  5th  period  (from\ 
Dec.  20  to  Jan.  21)      f  " 

6 

42 

>» 

1 

26 

In  the  6th  period  ( from  \ 
Jan.  21  to  Mar.  4)      /  " 

10 

54 

2 

43 

It  was  thence  concluded  that  Mr,  Harrison's  watch  could' 
not  be  depended  upon  to  keep  the  longitude  within  a  West- 
India  voyage  of  six  weeks,  nor  to  keep  the  longitude  within 
half  a  degree  for  more  than  a  fortnight ;  and  that  it  must  be 
kept  in  a  place  where  the  temperature  was  always  some  degrees 
above  freezing.*  (However,  Harrison's  watch,  which  was  made 
by  Mr.  Kendal  subsequently,  succeeded  so  completely,  that  after 
it  had  been  round  the  world  with  Captain  Cook,  in  the  years 
1772-1775,  the  second  10,000^.  was  given  to  Harrison.) 

In  the  Act  of  12th  Queen  Anne,  the  comparison  of  chrono- 
meters was  not  mentioned  in  reference  to  the  Observatory  duties ; 
but  after  this  time  they  became  a  serious  charge  upon  the  Ob- 
servatory, which,  it  must  be  admitted,  is  by  far  the  best  place 
to  try  chronometers  :  the  excellence  of  the  instruments,  and  the 
frequent  observations  of  the  heavenly  bodies  over  the  meridian, 
will  always  render  the  rate  of  going  of  the  Observatory  clock 
better  known  than  can  be  expected  of  the  clock  in  most  other 
places. 

After  Mr.  Harrison's  watch  was  tried,  some  watches  by  Earn- 
ehaw,  Mudge,  and  others,  were  rated  and  examined  by  the  As-. 
tronomer-Royal. 

At  the  Royal  Observatory,  Greenwich,  there  are  frequently 
above  100  chronometers  being  rated,  and  there  have  been  as 
many  as  170  at  one  time.  They  are  rated  daily  by  two  ob- 
eervers,  the  process  being  as  follows.  At  a  certain  time  every 
day  two  assistants  in  charge  repair  to  the  chronometer-room, 
where  is  a  time-piece  set  to  true  time  ;  one  winds  up  each  with 
Its  own  key,  and  the  second  follows  after  some  little  time  and 
verities  the  fact  that  each  is  wound.  One  assistant  then  looks 
at  each  watch  in  succession,  counting  the  beats  of  the  clock 
whilst  he  compares  the  chronometer  by  the  eye ;  and  in  the 
course  of  a  few  seconds  he  caUs  out  the  second  shown  by  the 
chronometer  when  the  clock  is  at  a  whole  minute.  This  num- 
n  ^  ^^'^^^  assistant,  and  so  on  till 

all  the  chronometers  are  compared.  Then  the  assistants  change 

4\.  'J"t7>"gthe  merits  of  Harrison's  chronometers.  Dr.  Maskelvne  ncnnir^rf 
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places,  the  second  comparing  and  the  first  writing  down.  From 
these  daily  comparisons  the  daily  rates  are  deduced,  by  which 
the  goodness  of  the  watch  is  determined.  The  errors  are  of 
two  classes — that  of  general  bad  workmanship,  and  that  of 
over  or  under  correction  for  temperature.  In  the  room  is  an 
apparatus  in  which  the  watch  may  be  continually  kept  at  tem- 
peratures exceeding  100°  by  artificial  heat ;  and  outside  the 
window  of  the  room  is  aa  iron  cage,  in  which  they  are  subjected 
to  low  temperatures.  The  very  great  care  taken  with  all  chro- 
nometers sent  to  the  Royal  Observatory,  as  well  as  the  perfect 
impartiality  of  the  examination  which  each  receives,  afford 
encouragement  to  their  manufacture,  and  are  of  the  utmost 
importance  to  the  safety  and  perfection  of  navigation. 

We  have  before  us  now  the  Report  of  the  Astronomer-Royal 
on  the  Rates  of  Chronometers  in  the  year  1854,  in_  which  the 
following  are  the  successive  weekly  sums  of  the  daily  rates  of 
the  first  there  mentioned  : 


Week  ending  sees. 
Jan.  21,  lo8S  in  the  week  2  2 


Feb. 


Mar 


Apr, 


28 
4 
11 
18 
26 
4 
11 
18 
25 
1 
8 


40 
11 
60 
49 
55 
60 
60 
1-5 
4-6 
40 
1-5 


"Week  ending  »ec« 
Apr.  22,  gain  in  the  week  2  6 
„  29,  loss  in  the  week  14 
May  6 


18 

;;  20 

..  27 
Jane  3 

„  10 
IT 
24 

July  1 
..  8 


2  1 

3-0 
61 
3-8 
2-8 

1-  8 

2-  0 
SO 
2-5 
1-2 


„   15,  gain  In  the  week  0  4 

Till  February  4  the  watch  was  exposed  to  the  external  air 
outside  a  north  window  ;  from  February  5  to  March  4  it  was 
placed  in  the  chamber  of  a  stove  heated  by  gas  to  a  moderate 
temperature  ;  and  from  April  29  to  May  20  it  was  placed  in  the 
chamber  when  heated  to  a  high  temperature. 

The  advance  in  making  chronometers  since  Harrison's  cele- 
brated watch  was  tried  at  the  Royal  Observatory,  more  than 
ninety  years  since,  may  be  judged  by  comparing  its  rates  with 
those  above. 

GEOMETRY  OF  SHELLS. 

There  is  a  mechanical  uniformity  observable  in  the  descrip- 
tion of  shells  of  the  same  species  which  at  once  suggests  the 
probability  that  the  generating  figure  of  each  increases,  and 
that  the  spiral  chamber  of  each  expands  itself,  according  to  some 
simple  geometrical  law  common  to  all.  To  the  determination 
of  this  law  the  operculum  lends  itself,  in  certain  classes  of 
shells,  with  remarkable  faciUty.  Continually  enlarged  by  the 
animal,  as  the  construction  of  its  shell  advances  so  as  to  fill  up 
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its  mouth,  the  operculum  measures  the  progressive  widening  of 
the  spiral  chamber  by  the  progressive  stages  of  its  growth. 

**•*»»» 
^  The  animal,  as  he  advances  in  the  construction  of  his  shell, 
increases  continually  his  operculum,  so  as  to  adjust  it  to  his 
mouth.  He  increases  it,  however,  not  by  additions  made  at  tho 
same  time  all  round  its  margin,  but  by  additions  made  only  on 
one  side  of  it  at  once.  One  edge  of  the  operculum  thus  re- 
mains unaltered  as  it  is  advanced  into  each  new  position,  anci 
placed  in  a  newly-formed  section  of  the  chamber  similar  to  the 
last  but  greater  than  it.  ^ 

That  the  same  edge  which  fitted  a  portion  of  the  first  less 
section  should  be  capable  of  adjustment  so  as  to  fit  a  portion 
of  the  next  similar  but  greater  section,  supposes  a  geometri- 
cal provision  in  the  curved  form  of  the  chamber  of  great  com- 
pUcation  and  difliculty.  But  God  hath  bestowed  upon  this 
humble  architect  the  practical  skill  of  the  learned  geometri- 
cian ;  and  he  makes  this  provision  with  admirable  precision  in 
that  curvature  of  the  logarithmic  spiral  which  he  gives  to  the 
section  of  the  shell.  This  curvature  obtaining,  he  has  only 
to  turn  his  operculum  slightly  round  in  its  own  place,  as  he 
advances  it  into  each  newly-formed  portion  of  his  chamber,  to 
adapt  one  margin  of  it  to  a  new  and  larger  surface  and  a  dif- 
ferent curvature,  leaving  the  space  to  be  filled  up  by  increasing 
the  operculum  wholly  on  the  outer  margin. 

••••♦«» 
Why  the  MoUusks,  who  inhabit  turbinated  and  discoid  shells, 
should,  m  the  progressive  increase  of  their  spiral  dwellings,  af- 
fect the  peculiar  law  of  the  logarithmic  spiral,  is  easily  to  be 
understood.  Providence  has  subjected  the  instinct  which 
shapes  out  each  to  a  rigid  uniformity  of  operation.— Pro/mor 
Mosel^  :  Philos.  Trans.  1838.  Jrrvjeasor 

HYDRAULIC  THEORY  OF  SHELLS. 

How  beautifully  is  the  wisdom  of  God  developed  in  shaninff 
out  and  moulding  shells  !  and  especially  in  the  particular  value 
of  the  constant  angle  which  the  spiral  of  each  species  of  Thell 
tfl!  '~^/f^^  connected  by  a  necessary  relation  with  the 
fjoiio^iy  of  the  material  of  each,  and  with  its  stabUity  and 
pI^'^v^  T""'  ^  'i'  buoyancy.  Thus  the  shell  of  the  Niutilm 
P^P^^ns  has,  hydrostatically,  an  A-statical  surface.  If  p  W 

S^ufh^    ^V,'"""'  only  on^te 

mouth.    Those  conversant  with  the  theory  of  floating  bodies 
will  recognise  in  this  an  interesting  property 
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SERVICES  OF  SEA-SHELLS  AND  ANIMALCULES. 

Dr.  Maury  is  disposed  to  regard  these  beings  as  having  much 
to  do  in  maintaining  the  harmonies  of  creation,  and  the  prin- 
ciples of  the  most  admirable  compensation  in  the  system  of 
oceanic  circulation.  "We  may  even  regard  them  as  regula- 
tors, to  some  extent,  of  climates  in  parts  of  the  earth  far  re- 
moved from  their  presence.  There  is  something  suggestive 
both  x>f  the  grand  and  the  beautiful  in  the  idea  that  while  the 
insects  of  the  sea  are  building  up  their  coral  islands  in  the  per- 
petual summer  of  the  tropics,  they  are  also  engaged  in  dispens- 
ing warmth  to  distant-  parts  of  the  earth,  and  in  mitigating  the 
severe  cold  of  the  polar  winter." 

DEPTH  OF  THE  PEIMEVAL  SEAS. 

Professor  Forbes,  in  a  communication  to  the  Royal  Society, 
states  that  not  only  the  colour  of  the  shells  of  existing  moUusks 
ceases  to  be  strongly  marked  at  considerable  depths,  but  also 
that  well-defined  patterns  are,  with  very  few  and  slight  excep- 
tions, presented  only  by  testacea  inhabiting  the  littoral,  circum- 
littoral, and  median  zones.  In  the  Mediterranean,  only  one  m 
eighteen  of  the  shells  taken  from  below  100  fathoms  exhibit 
any  markings  of  colour,  and  even  the  few  that  do  so  are  ques- 
tionable inhabitants  of  those  depths.  Between  30  and  35  fa- 
thoms, the  proportion  of  marked  to  plain  shells  is  rather  less 
than  one  in  three  ;  and  between  the  margin  and  two  fathoms 
the  striped  or  mottled  species  exceed  one-half  of  the  total  num- 
ber. In  our  own  seas.  Professor  Forbes  observes  that  testacea 
taken  from  below  100  fiithoms,  even  when  they  are  individuals 
of  species  vividly  striped  or  banded  in  shallower  zones,  are  quite 
white  or  colourless.  At  between  60  and  80  fathoms,  stripinj? 
and  banding  are  rarely  presented  by  our  shells,  especially  in  the 
northern  provinces ;  from  60  fathoms,  shallow  bands,  colours, 
and  patterns,  are  well  marked.  The  relation  of  these  arrange- 
ments of  colour  to  the  deqree  of  ligU  penetrating  the  different  sone» 
of  (kpth  is  a  subject  wel'.  worthy  of  minute  inquiry. 

NATURAL  WATER-PURIFIERS. 

Mr.  Warrington  kept  for  a  whole  year  twelve  gallons  of  water 
in  a  state  of  admirably  balanced  purity  by  the  following  beauti- 
ful action :  ,  •^ 

likelv  to  destroy  both  plants  and  fish.    But  undei  tne  ^  ,  . 
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furnished  a  succulent  food  to  the  fish.  Meanwhile  the  Valisperia  plants 
absorbed  the  carbonic  acid  exhaled  by  the  respiration  of  their  compa- 
nions, fixing  the  carbon  in  their  growing  stems  and  luxuriant  blossoms, 
and  refreshing  the  oxygen  (during  sunshine  in  visible  little  streams)  for 
the  respiration  of  the  snails  and  the  fish.  The  spectacle  of  perfect  equi- 
librium thus  simply  maintained  between  animal,  vegetable,  and  inor- 
ganic activity,  was  strikingly  beautiful ;  and  such  means  might  possibly 
hereafter  be  made  available  on  a  large  scale  for  keeping  tanked  water 
sweet  and  alexin.— Quarterly  Review,  1850. 

HOW  TO  IMITATE  SEA-WATER. 

The  demand  for  Sea- water  to  supply  the  Marine  Aquarium 
— ^now  to  be  seen  in  so  many  houses — induced  Mr.  Gosse  to  at- 
tempt the  manufacture  of  Sea-water,  more  especially  as  the 
constituents  are  well  known.    He  accordingly  took  Scheveit- 
zer's  analysis  of  Sea-water  for  his  guide.    In  one  thousand 
grains  of  sea-water  taken  oflF Brighton,  it  gave  :  water,  964*744; 
chloride  of  sodium,  27-05.9  ;  chloride  of  magnesium,  3*666; 
chloride  of  potassium,  9755 ;  bromide  of  magnesium,  0-29  ; 
sulphate  of  magnesia,  2*295  ;  sulphate  of  lime,  1*407 ;  carbon- 
ate of  lime,  0*033 :  total,  999*998.    Omitting  the  bromide  of 
magnesium,  the  carbonate  of  lime,  and  the  sulphate  of  lime,  as 
being  very  small  quantities,  the  component  parts  were  reduced 
to  common  salt,  3i  oz.  ;  Epsom  salts,  J  oz.  ;  chloride  of  mag- 
nesium, 200  grains  troy ;  chloride  of  potassium,  40  grains 
troy  ;  and  four  quarts  of  water.    Next  day  the  mixture  was 
filtered  through  a  sponge  into  a  glass  jar,  the  bottom  covered 
with  shore-pebbles  and  fragments  of  stone  and  fronds  of  green 
sea-weed.    A  coating  of  green  spores  was  soon  deposited  on  the 
sides  of  the  glass,  and  bubbles  of  oxygen  were  copiously  thrown 
oflf  every  day  under  the  excitement  of  the  sun's  light.    In  a 
week  Mr.  Gosse  put  in  species  of  Actinia  Bowerbankia^  Cellu- 
laria,  Serpvluy  <fec.  with  some  red  sea- weeds;  and  the  whole 
throve  well. 

VELOCITY  OF  IMPRESSIONS  TRANSMITTED  TO  THE  BRAIN. 

Professor  Helmholtz  of  Konigsberg  has,  by  the  electro- 
magnetic method,*  ascertained  that  the  intelligence  of  an  im- 
pression made  upon  the  ends  of  the  nerves  in  communication 
vvith  the  skm  is  transmitted  to  the  brain  with  a  velocity  of 
about  195  feet  per  second.  Arrived  at  the  brain,  about  one- 
tenth  of  a  second  passes  before  the  will  is  able  to  give  the  com- 
mand to  the  nerves  that  certain  muscles  shall  execute  a  certain 
motion,  varying  in  persons  and  times.    Finally,  about  p^th 
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of  a  second  passes  after  the  receipt  of  the  command  before  the 
muscle  is  in  activity.  In  all,  therefore,  from  the  excitation 
of  the  sensitive  nerves  till  the  moving  of  the  muscle,  1^  to  -^ths 
of  a  second  are  consumed.  Intelligence  from  the  great  toe  ar- 
rives about  ^th  of  a  second  later  than  from  the  ear  or  the  face. 

Thus  we  see  that  the  diflferences  of  time  in  the  nervous  im- 
pressions, which  we  are  accustomed  to  regard  as  simultaneous, 
lie  near  our  perception.  We  are  taught  by  astronomy  that,  on 
account  of  the  time  taken  to  propagate  light,  we  now  see  what 
has  occurred  in  the  fixed  stars  years  ago ;  and  that,  owing  to 
the  time  required  for  the  transmission  of  sound,  we  hear  after 
we  see  is  a  matter  of  daily  experience.  Happily  the  distances 
to  be  traversed  by  our  sensuous  perceptions  before  they  reach 
the  brain  are  so  short  that  we  do  not  observe  their  influence, 
and  are  therefore  unprejudiced  in  our  practical  interest.  With 
an  ordinary  whale  the  case  is  perhaps  more  dubious ;  for  in  all 
probability  the  animal  does  not  feel  a  wound  near  its  tail  until 
a  second  after  it  has  been  inflicted,  and  requires  another  second 
to  send  the  command  to  the  tail  to  defend  itself. 

PHOTOGRAPHS  ON  THE  RETINA. 

The  late  Rev.  Dr.  Scoresby  explained  with  much  minute- 
ness and  skill  the  varying  phenomena  which  presented  them- 
selves to  him  after  gazing  intently  for  some  time  on  strongly- 
illuminated  objects, — as  the  sun,  the  moon,  a  red  or  orange  or 
yellow  wafer  on  a  strongly-contrasted  ground,  or  a  dark  object 
seen  in  a  bright  field.  The  doctor  explained,  upon  removing 
the  eyes  from  the  object,  the  early  appearance  of  the  picture  or 
image  which  had  been  thus  *'  photographed  on  the  Retina," 
with  the  photochromatic  changes  which  the  picture  underwent 
while  it  still  retained  its  general  form  and  most  strongly-marked 
features ;  also,  how  these  pictures,  when  they  had  almost  faded 
away,  could  at  pleasure,  and  for  a  considerable  time,  be  renewed 
by  rapidly  opening  and  shutting  the  eyes. 

DIRECT  EXPLORATION  OF  THE  INTERIOR  OF  THE  EYE. 

Dr.  S.  Wood  of  Cincinnati  states,  that  by  means  of  a  small 
double  convex  lens  of  short  focus  held  near  the  eye, — that  or- 
gan looking  through  it  at  a  candle  twelve  or  fifteen  feet  distant, 
— there  will  be  perceived  a  large  luminous  disc,  covered  with 
dark  and  Ught  spots  and  dark  streaks,  which,  after  a  momen- 
tary confusion,  will  settle  down  into  an  unchanging  picture, 
which  picture  is  composed  of  the  organs  or  internal  parts  of  the 
eye.  The  eye  is  thus  enabled  to  view  its  own  internal  orgauis- 
ation,  to  have  a  beautiful  exhibition  of  the  vessels  of  the  cor- 
nea, of  the  distribution  of  the  lachrymas  secretions  in  the  act 
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of  wiuking,  and  to  see  into  the  nature  and  cause  of  muscce  vdi- 
taiites. 

NATURE  OF  THE  CANDLE-FLAME. 

M.  Volger  has  subjected  this  Flame  to  a  new  analysis. 

He  finds  that  the  so-called  flame-hud,  a  globular  blue  flaminule,  is 
first  produced  at  the  summit  of  the  wick  :  this  is  the  result  of  the  com- 
bustion of  carbonic  oxide,  hydrogen,  and  carbon,  and  is  surrounded  by 
a  reddish-violet  halo,  the  veil.  The  increased  heat  now  gives  rise  to 
the  actual  flame,  which  shoots  forth  from  the  expauLling  bud,  and  is 
then  surrounded  at  its  inferior  portion  only  by  the  latter.  The  interioi* 
consists  of  a  dark  gaseous  cone,  containing  the  immediate  products  of 
the  decomposition  of  the  fatty  acids,  and  surrounded  by  another  dark 
hollow  cone,  the  inner  cap.  Here  we  already  meet  with  carbon  and 
hydrogen,  which  have  resulted  from  the  process  of  decomposition ;  and 
we  distinguish  this  cone  from  the  inner  one  by  its  yielding  soot.  The 
external  cap  constitutes  the  most  luminous  portion  of  the  flame,  in  which 
the  hydrogen  is  consumed  and  the  carbon  rendered  incandescent.  The 
surrounding  portion  is  but  slightly  luminous,  deposits  no  soot,  and  in  it 
the  carbon  and  hydrogen  are  consumed.— Xieiiy'i  An7i.ual  Jttport. 

HOW  SOON  A  CORPSE  DECAYS. 

Mr.  Lewis,  of  the  General  Board  of  Health,  from  his  exami- 
nation of  the  contents  of  nearly  100  coffins  in  the  vaults  and 
catacombs  of  London  churches,  concludes  that  the  complete 
decomposition  of  a  corpse,  and  its  resolution  into  its  ultimate 
elements,  takes  place  in  a  leaden  coffin  with  extreme  slowness. 
In  a  wooden  coffin  the  remains,  with  the  exceotion  of  the  bones, 
vanish  in  from  two  to  five  years.  This  period'depends  upon  the 
quahty  of  the  wood,  and  the  free  access  of  air  to  the  coffins 
But  m  leaden  coffins,  50,  CO,  80,  and  even  100  years  are  re- 
quu-ed  to  accomplish  this.  "  I  have  opened,"  says  Mr.  Lewis 
a  coffin  m  which  the  corpse  had  been  placed  for  nearly  a  cen- 
tury J  and  the  ammoniacal  gas  formed  dense  white  fumes  when 
brought  m  contact  with  hydrochloric-acid  gas,  and  was  so  power- 
ful that  the  head  could  not  remain  in  it  for  more  than  a  few 
seconds  at  a  time."  To  render  the  human  body  perfectly  inert 
after  death,  it  should  be  placed  in  a  light  wooden  coffin  in  a 
pervious  soil,  from  five  to  eight  feet  deep.  ' 


MUSKET-BALLS  FOLTSTD  IN  IVORY. 

5.  ^P°r*sman,  in  shooting  elephants,  aims  at  a  spot 

just  above  the  proboscis    If  he  fires  a  little  too  low,  the  bSl 
passes  mto  the  tusk-socket,  causing  great  pain  to  the  animd 
but  not  endangering  Its  Me ;  and  it  is  immediately  surrouuded 
by  osteo-dentine.    It  has  often  been  a  matter  of  wonder  how 

ffvf  '^'f^*^  completely  imbedded  in  the  sub 

stance  of  the  tusk,  sometimes  without  any  visible  aDertnrp  . 
how  leaden  buUets  become  lodged  in  the  S  ceniTe  o^^^^^^^^^ 
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large  tusk  without  haviug  been  flattened,  as  they  are  found  by 
the  ivory-turner. 

The  explanation  is  as  follows:  A  musket  ball  aimed  at  the  head  of 
an  elephant  may  penetrate  the  thin  bony  socket  and  the  thinner  ivory 
parietes  of  the  wide  conical  pulp-cavity  occupying  the  inserted  base  of 
tlie  tusk  ;  if  the  projectile  force  be  there  spent,  the  ball  will  gravitate 
to  the  opposite  and  lower  side  of  the  pulp-cavity.  The  pulp  becomes 
hiflainod,  irregular  calcification  ensues,  and  obteo-dentine  is  formed 
ai-ouud  the  ball.  The  pulp  then  resumes  its  healthy  state  and  functions, 
and  coats  the  osteo-dentine  enclosing  the  ball,  together  with  the  root  of 
the  conical  cavity  into  which  the  mass  projects,  with  layers  of  noi-mal 
ivory.  The  hole  foi-mod  by  the  ball  is  soon  replaced,  and  filled  up  by 
osteo-dentine,  and  coated  with  cement.  Meanwhile,  by  the  continued 
jirogress  of  growth,  the  enclosed  ball  is  pushed  forward  to  the  middle  of 
the  solid  tusk  ;  or  if  the  elephant  be  young,  the  ball  may  be  carried 
forward  by  growth  and  wear  of  the  tusk  until  its  base  has  become  the 
apex,  aud  become  finally  exposed  and  discharged  by  the  continual  abra- 
sion to  which  the  apex  of  the  tusk  is  subjected. — Professor  Owen. 

NATURE  OF  THE  SUN. 

To  the  article  at  pp.  59-60  should  be  added  the  result  ob- 
tained by  Dr.  Woods  of  Parsonstovm,  and  communicated  to  the 
I'Inlosophical  Magazine  for  July  1854.  Dr.  Woods,  fromphoto- 
gmphic  experiment,  has  no  doubt  that  the  light  from  the  centre 
of  flame  acts  more  energetically  than  that  from  the  edge  on  a 
surface  capable  of  receiving  its  impression ;  and  that  light  from 
a  luminous  solid  body  acts  equally  powerfully  from  its  centre 
or  its  edges  :  wherefore  Dr.  Woods  concludes  that,  as  the  sun 
affects  a  sensitive  plate  similarly  with  flame,  it  is  probable  its 
light-producing  portion  is  of  a  similar  nature. 

Note  to  "  Is  THE  Heat  of  the  Sun  decreasing  ?"  at  page  65.— 
Dr.  Vaughan  of  Cincinnati  has  stated  to  the  British  Association : 
"  From  a  comparison  of  the  relative  intensity  of  solar,  lunar,  and  arti- 
ficial light,  as  determined  by  Euler  and  Wollaston,  it  appears  that  the 
rays  of  the  sun  have  an  illuminating  power  equal  to  that  of  14,000  can- 
dles at  a  distance  of  one  foot,  or  of  3500,000000,000000.000000.000000 
candles  at  a  distance  of  95,000,000  miles.  It  follows  that  the  amount 
of  light  which  flows  from  the  solar  orb  could  be  scarcely  produced  by 
the  daily  combustion  of  200  globes  of  tallow,  each  equal  to  the  earth  in 
magnitude.  A  sphere  of  combustible  matter  much  larger  than  the  sun 
itself  should  be  consumed  every  ten  years  in  maintaining  its  wonderful 
brilliancy;  and  its  atmosphere,  if  pure  oxygen,  would  bo  expended  be- 
fore a  few  days  in  suppoi-ting  so  great  a  conflagration.  An  illumination 
on  80  vast  a  scale  could  be  kept  up  only  by  the  inexhaustible  magazine 
of  ether  disseminated  through  space,  and  ever  ready  to  manifest  its 
ciferous  properties  on  large  spheres,  whose  attraction  rendei-s  it  sufli- 
ciently  dense  for  the  play  of  chemical  affinity.  Accordingly  suns  de- 
rive the  power  of  shedding  perpetual  light,  not  from  their  chemical 
constitution,  but  from  their  immense  mass  and  their  superior  attractive 
power." 
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PLANETS. 


Name. 


Mercury  Mars,  1 
Veum,  Jupiter,  > 
£arth,       Saturn, ) 

Uranus   

•  Neptune  

1  Ceres  

2  Viillrts  

3  Jmio  

4  Vesta  

5  Astrtea  

6  Hebe  

7  Iris  

8  Flora  

9  Metis   

10  Hyt;eia  

11  fartheiiope .. 

12  Victoria  

13  Efjeria  

14  Irene  

15  Euiioniia  

16  Psyche  

17  Tlietia  

18  Melpomene .. 

19  Fortnna  

20  Massilia  

21  Lutetia  

22  Calliope  

2.i  Thalia  

24  Themis  

25  Phocea  

26  Proserpine ... 

27  Euterpe  

28  Bellona  

29  Am  phi  trite  .. 

30  Urania  

31  Euphrosyne, 

32  Pomona  

33  Polyhymnia. 

34  Circe  

35  Leiicothea.... 

36  Atahmtu  

37  EiUes  

;«j  Leila  

39  Lieiitia  

40  llarmonia.,.. 

41  IJaphae  

42  Isis  

43  Ariadne  

44  Nysa  

45  Eiifjenia  

46  Ha.stia  

47  A-jluia  

48  Doris  

49  Pales  

50  Virfjinia  

51  Neinausa  

62  Eui'upa  

53  Calypso   

54  Alexandi-a  ... 

55  (Not  named). 


Date  of 
Discovery. 


Known  to  the  ( 
ancients,  j" 

1781,  March  13.. 

1846,  Sept.  23.... 

1801,  Jan.  1   

1802,  March  28., 

1804,  Sept.  1  

1807,  March  29.. 
1845,  Dec.  8   

1847,  July  1  

1847,  August  13. 

1847,  Oct.  18  

1848,  April  25... 

1849,  April  12 ... 

1850,  May  11  

1850,  Sept.  13.... 

1850,  Nov.  2  

1851,  May  19  

1851,  July  29  .... 

1852,  March  17.. 
1852,  April  17  ... 
1852,  June  24.... 
1852,  Aufjust  22. 
1852,  Sept.  19.... 
1852,  Nov.  15.... 
1852,  Nov.  16.... 

1852,  Dec.  15  

1853,  Api  il  6  

1853,  April  6  

1853,  May  5   

1853,  Nov.  8  

1854,  March  1 ... 
1854,  March  1 ... 
1854,  July  22.... 

1854,  Sept.  1  

1&54,  Oct.  26  

1854,  Oct.  28  

1856,  April  6  

1855,  April  19 ... 
1855,  Oct  5  

1855,  Oct.  5  

1856,  Jan.  12  .... 

1856,  Feb.  8  

1856,  March  31. 
1856,  May  22  ... 

1856,  May  23  .... 

1857,  April  15 ... 
1867,  May  27  .... 
1857,  June  28.... 
1857,  August  16. 
1857,  Sept.  15.... 
1857,  Sept  19.... 
1857,  Sept.  19.... 

1857,  Oct.  4  

1858,  Jan.  22  

1858,  Feb.  6  

1858,  April  8  

1858.  Sept.  11.... 
1358,  bept.  11.... 


Discorerer. 


W.  Herschel 

Galle  

Hiazzi   

Olbers  

Harding  .... 

Olbers   

Eucke ......... 

Encke  

Hind  

Hind  

Graham  

Gasperis  

Gasperis  

Hind  

Gasperis  

Hind  

Gasperis  

Ga.speris  

Luther  

Hind  

Hind  

Gasperis  

Goldschmidt 

Hind  

Hind  

Gasperis  

Chacornac... 

Luther  

Hind  

Luther  

Marth  

Hind  

Furguson  ... 
Goldschmidt 
Chacornac... 
Chacornac... 

Luther  

Goldschmidt 

Luther.  

Cliaconiac... 
Chacornac... 
Goldschmidt 
Goldschmidt 

Pogson  

Po{json  

Goldschmidt 
Goldschmidt 

Pogson  

Luther  

Goldschmidt 
Goldschmidt 
Fur^iiison .... 

Laurent  

Goldschmidi 


Place  of 
Discorery. 


Luther  

Goldschmidt 
Searle  


Bath....  

Berlin  

Palermo  

Bremen  

Lilienthal... 

Bremen  

Ddesen  

Driesen  

London  

London  

Markree..... 

Naples  

Naples  

London  

Naples  

London  

Naples  , 

Naples  

Bilk  

London  

Londou  

Naples  

Palis  

London  , 

London  , 

Naples  

Marseilles ... 

Bilk...  

Londou  

Bilk  

London  

London  

Washington, 

Pans  

Paris  

Paris  

Bilk  

Paris.  

Bilk  

Pans  

Paris  

I'ans  

Paris  

Oxford  

0.\toid  

Paris  

I'ari.s  

Oxford  ... 

Bilk  

Paris  

Paris  ] 

asliiugton. 

Nismes  

Paris  

Bilk   " 

Pans  .■ 

Albany  


No.  disco- 
Tered  by  each 
attroDoiuer. 


•  Through  the  calculationj  of  M.  Le  Verrier. 
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THE  COMET  OF  DONATI. 

While  this  sheet  was  passing  through  the  press,  the  attention 
of  astronomers,  and  of  the  public  generally,  was  drawn  to  the 
fact  of  the  above  Comet  passing  (on  Oct.  18)  within  nine  mil- 
lions of  miles  of  the  planet  Venus,  or  less  than  r^^-hs  of  the 
earth's  distance  from  the  Sun.  **  And  (says  Mr.  Hind,  the  as- 
tronomer), it  is  obvious  that  if  the  comet  had  reached  its  least 
distance  from  the  sun  a  few  days  earlier  than  it  has  done,  the 
planet  might  have  passed  through  it ;  and  I  am  very  far  from 
thinking  that  close  proximity  to  a  cornet  of  this  description 
would  be  unattended  with  danger.  The  inhabitants  of  Venus 
will  witness  a  coraetary  spectacle  far  superior  to  that  which 
has  recently  attracted  so  much  attention  here,  inasmuch  as  the 
tail  will  doubtless  appear  twice  as  long  from  that  planet  as 
from  the  earth,  and  the  nucleus  proportionally  more  brilliant." 

This  Comet  was  first  discovered  by  Dr.  G.  B.  Donati,  astro- 
nomer at  the  Museum  of  Florence,  on  the  evening  of  the  2d  of 
June,  in  right  ascension  141°  18',  and  north  declination  23°  47', 
corresponding  to  a  position  near  the  star  Leonis.  Previous  to 
this  date  we  had  no  knowledge  of  its  existence,  and  therefore 
it  was  not  a  predicted  comet ;  neither  is  it  the  one  last  ob- 
served in  1556.  At  the  date  of  discovery  it  was  distant  from 
the  earth  228,000,000  of  miles,  and  was  an  excessively  fiiint  ob- 
ject in  the  largest  telescopes. 

The  tail,  from  October  2  to  16,  when  the  comet  was  most 
conspicuous,  appears  to  have  maintained  an  average  length 
of  at  least  40,000,000  miles,  subtending  an  angle  varying  from 
30°  to  40°.  The  dark  line  or  space  down  the  centre,  fre- 
quently remarked  in  other  great  comets,  was  a  striking  cha- 
racteristic in  that  of  Donati.  The  nucleus,  though  small,  was 
intensely  brilliant  in  powerful  instruments,  and  for  some  time 
bore  high  magnifiers  to  much  greater  advantage  than  is  usual 
with  these  objects.  In  several  respects  this  comet  resembled 
the  famous  ones  of  1744,  1680,  and  1811,  particularly  as  re- 
gards the  signs  of  violent  agitation  going  on  in  the  vicinity  of 
the  nucleus,  such  as  the  appearance  of  luminous  jets,  spiral 
offshoots,  (kc,  which  rapidly  emanated  from  the  planetary  point 
and  as  quickly  lost  themselves  in  the  general  nebulosity  of  the 
head. 

On  the  5th  Oct.  the  most  casual  observer  had  an  opportu- 
nity of  satisfying  himself  as  to  the  accuracy  of  the  mathematical 
theory  of  the  motions  of  comets  in  the  near  approach  of  the 
nucleus  of  Donati's  to  Arcturus,  the  principal  star  in  the  con- 
stellation Bootes.  The  circumstance  of  the  appulse  was  verf 
nearly  as  predicted  by  Mr.  Hind. 

The  comet,  according  to  the  investigations  by  M.  Loewy, 
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of  the  Observatory  of  Vienna,  arrived  at  its  least  distance  from 
the  suu  a  few  minutes  after  eleven  o'clock  on  the  morning  of 
the  30th  of  September ;  its  longitude,  as  seen  from  the  sun  at 
this  time,  being  36°  13',  and  its  distance  from  him  55,000,000 
miles.    The  longer  diameter  of  its  orbit  is  ":e4  times  that  of 
the  earth's,  or  35,100,000,000  miles;  yet  this  is  considerably 
less  than  TpWth  of  the  distance  of  the  nearest  fixed  star.  As 
an  illustration,  let  any  one  take  a  half-sheet  of  note-paper,  and 
marking  a  circle  with  a  sixpence  in  one  corner  of  it,  describe 
therein  our  solar  system,  drawing  the  orbits  of  the  earth  and 
the  inferior  planets  as  small  as  he  can  by  the  aid  of  a  magnify- 
mg-glass.    If  the  circumference  of  the  sixpence  stands  for  the 
orbit  of  Neptune,  then  an  oval  filling  the  page  will  fairly  repre- 
sent the  orbit  of  Donati's  comet ;  and  if  the  paper  be  laid  upon 
the  pavement  under  the  west  door  of  St.  Paul's  Cathedral,  Lon- 
don, the  length  of  that  edifice  wiU  inadequately  represent  the 
distance  of  the  nearest  fixed  star.    The  time  of  revolution  re- 
sulting from  Mr.  Loewy's  calculations  is  2495  years,  which  is 
about  600  years  less  than  that  of  the  comet  of  1811  durin<r  the 
period  it  was  visible  from  the  earth.  ° 

That  the  comet  should  take  more  than  2000  years  to  travel 
round  the  above  page  of  note-paper  is  explained  by  its  ffreat 
diminution  of  speed  as  it  recedes  from  the  sun.  At  its  periheHon 
It  travelled  at  the  rate  of  127,000  miles  an  hour,  or  more  than 
twice  as  fast  as  the  earth,  whose  motion  is  about  1000  miles  a 
minute.  At  its  aphehon,  however,  or  its  greatest  distance  from 
the  sun,  the  comet  is  a  very  slow  body,  sailing  at  the  rate  of 
480  miles  an  hour,  or  only  eight  times  the  speed. of  a  railway 
express.    At  this  pace,  were  it  to  travel  onward  in  a  straight 
line  the  lapse  of  a  million  of  years  would  find  it  still  travelJinff 
hall  way  between  our  sun  and  the  nearest  fixed  star. 
_   As  this  comet  last  visited  us  between  2000  and  2495  years 
since,  we  know  that  its  appearance  was  at  an  interesting  period 
of  the  wor  d's  history.    It  might  have  terrified  the  Athenians 
into  accepting  the  bloody  code  of  Draco.  It  might  have  an- 
nounced the  destruction  of  Nineveh,  or  of  Babylon  or  the 
capture  of  J erusalem  by  Nebuchadnezzar.    It  might  have  been 
seen  by  the  expedition  which  sailed  round  Africa  in  the  reS 
ation  n?ft.  p'fv.  •  •       "^'^^^        given  interest  to  the  found- 
W  ^  J.  ^  ^^^'^"^  g^'^f  •  y^'^^'""       V^ohMe  range  of  its 
kst  visitation  are  comprehended  the  whole  of  the  great  events 
of  the  history  of  Greece ;  and  among  the  spectators  of  the  comet 
S=  Tu^f  w^'  '"r;?^^'*^  ^^^^^  «^  CJreece  and  even  the  p^o- 

Pts  retin  ^Y''-  ^^^^  ^''^^^'^^  calculate 

Jeremiah  might  have  tried  to  i-ead  its  wamin,. 
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Earth,  186. 


Day's  Length  at  the  Poles,  65. 

Declination  of  the  Needle,  197. 

Descartes'  Labours  in  Physics,  9, 

Desert,  Intense  Heat  and  Cold  of 
the,  163. 

Dewdrop,  Beauty  of  the,  157. 

Dew-fall  in  one  year,  157. 

Dew  graduated  to  supply  Vegeta- 
tion, 157. 

Diamond,  Geological  Age  of,  122. 

Diamond  Lenses  for  Microscopes, 
40. 

"  Diamond,"  Newton's  Dog,  8. 
Dinomis  elephantopus,  the,  139, 
140.  ^   >      >  , 

Dinotherium,  or  Terrible  Beast, 

the,  136. 
Diorama,  Illusion  of  the,  37, 

Earth  and  Man  compared,  22. 

Earth,  Figure  of  the,  21, 

Earth,  Mass  and  Density  of,  21. 

Earth's  Annual  Motion,  12. 

Earth's  Magnitude,  to  ascertain. 
21.  ' 

Earth's  Siuface,  Mean  Tempera- 
ture of,  23. 

Earth's  Temperature,  Interior,  116. 

Earth's  Temperature  Stationary, 
23. 

Earth,  the,  a  Magnet,  197. 
Earthquake,  the  Great  Lisbon. 
121, 

Earthquakes  and  the  Moon,  121. 

Earthquakes,  Eumblings  of,  120. 

Earthquake-Shock,  How  to  mea- 
sure, 120. 

Earth- Waves,  119. 

Eclipses,  Cause  of,  74. 

Egypt,  Alluvial  Land  of,  110. 

Electric  Girdle  for  the  Earth,  224. 

Electric  Incandescence  of  Charcoal 
Points,  204. 

Electric  Knowledge,  Germs  of. 
Electric  Light,  Velocity  of,  209. 

225"°  Time  lost  in. 

Electric  Paper,  209. 
Electric  Spark,  Duration  of,  209 
Electric  Telegraph,  Anticipations 

of  the,  220-224. 

^^f'^^^'^^^^Sr&ph,  Consumption 
of,  224. 

Electric  Telegraph  in  Astronomy 
and  Longitude,  225. 
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Electric  Telegraph  and  Lightning, 
226. 

Electric  and  Magnetic  Attraction, 

Identity  of,  210. 
Electrical  Kite,  Franklin's,  213. 
Electricity  and  Temperature,  208. 
Electricity  in  Brewing,  209. 
Electricity,  Vast  Arrangement  of, 

208. 

Electricity,  Water  decomposed 
by,  208. 

Electricities,  the  Two,  214. 

Electro-magnetic  Clock,  Wheat- 
stone's,  211. 

Electro-magnetic  Engine,  Theory 
of,  210. 

Electro-magnets,  Horse-shoe,  199. 
Electro-telegraphic  Message  to  the 

Stars,  226. 
Elephant  and  Tortoise  of  India, 

135. 

End  of  our  System,  92. 
England  in  the  Eocene  Period, 
129. 

English  Channel,  Probable  Origin 
of,  105. 

Eocene  Period,  the,  129. 

Equatorial  Cloud-ring,  156. 

"  Equatorial  Doldrums,"  156. 

Error  upon  Error,  185. 

Exhilaration  in  ascending  Moun- 
tains, 163. 

Eye  and  Brain  seen  through  a  Mi- 
croscope, 41. 

Eye,  interior,  Exploration  of,  236. 

Fall  of  Bodies,  Rate  of,  16. 
Falls,  Height  of,  16. 
Faraday,  Genius  and  Character  of, 
193. 

Faraday's  Electrical  Illustrations, 

"  Father  of  English  Geology,  the, 
126. 

Fertilisation  of  Clouds,  151. 
Fire,  Perpetual,  117. 
Fire-balls  and  Shooting  Stars, 
89. 

Fire-Springs,  Artesian,  118. 
Fishes,  the  most  Ancient,  132. 
Flying  Dragon,  the,  130. 
Force  neither  created  nor  de- 
stroyed, 18. 
Force  of  Running  Water,  114. 
Fossil  Human  Bones,  131. 
Fossil  Meteoric  Stones,  none,  92. 


Fossil  Rose,  none,  142. 
Foucault'sPendulumExperiments , 
22 

FrankUn's  Electrical  Kite,  213. 
Freezing  Cavern  in  Russia,  115. 
Fresh  Water  in  Mid-Ocean,  182. 

Galilean  Telescope,  the,  93. 
Galileo,  What  he  first  saw  with  the 
Telescope,  93. 

Galvani  and  Volta,  205. 

Galvanic  Effects,  Familiar,  203. 

Galvanic  Waves  on  the  same  Wire, 
Non-interference  of,  225. 

"  Gauging  the  Heavens,"  58. 

Genius,  Relics  of,  5. 

Geology  and  Astronomy,  Identity 
of,  104. 

Geology  of  England,  105. 

Geological  Time,  143. 

George  HI.,  His  patronage  of  Her- 
schel,  95. 

Gilbert  on  Magnetic  and  Electric 
forces,  201. 

Glacial  Theory,  by  Hopkins,  105. 

Glaciers,  Antiquity  of,  109. 

Glaciers,   Phenomena  of.  Illus- 
trated, 108. 

Glass,  Benefits  of,  to  Man,  92. 

Glass  broken  by  Sand,  26. 

Glyptodon,  the,  137. 

Gold,  Lumps  of,  in  Siberia,  124. 

Greenwich  Observatory,  Chrono- 
meters rated  at,  229-232. 

Grotto  del  Cane,  the,  112. 

Gulf-Stream  and  the  Temperature 
of  London,  115. 

Gunpowder -Magazines,  Danger 
to,  216. 

Gymnotus  and  the  Voltaic  Bat- 
tery, 206. 
Gyroscope,  Foucault's,  22. 

Hail  and    Storms,  Protection 

against,  159. 
HaU-storm,  Terrific,  160. 
Hair,  Microscopical  Examination 

of,  41. 

Harrison's  Prize  Chronometers, 

229-232, 
Heat  and  Evaporation,  188. 
Heat  and  Mechanical  Power,  188. 
Heat  by  Friction,  189. 
Heat,  Distinctions  of,  187. 
Heat,  Expenditure  of,  by  the  Sun, 

186. 
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Heat  from  Gas-lighting,  189. 

Heat  from  Wood  and  Ice,  190. 

Heat,  Intense,  Protection  from, 
191,  192. 

Heat,  Latent,  187. 

Heat  of  Mines,  188. 

Heat,  Nice  Measurement  of,  186. 

Heat,  Origin  of,  in  our  System,  87. 

Heat  passing  through  Glass,  189. 

Heat,  Eepulsion  by,  191. 

Heated  Metals,  Vibration  of,  188. 

Heavy  Persons,  Lifting,  17. 

Heights  and  Distances,  to  Calcu- 
late, 19. 

Herschel's  Telescopes  at  Slough, 
95. 

Highton's  Minute  Battery,  204. 
Hippopotamus  of  Britain,  135. 
"Horse  Latitudes,  the,"  173. 
Horse,  Three-hoofed,  138. 
Hour-glass,  Sand  in  the,  20. 

Ice,  Heat  from,  190. 
Ice,  Warming  with,  190. 
Icebergs  of  the  Polar  Seas,  180. 
Iguanodon,  Food  of  the,  129. 
Improvement,  Perpetuity  of,  5. 
Inertia  Illustrated,  14. 

Jerusalem,  Temple  of.  How  pro- 
tected from  Lightning,  167. 
Jew's  Harp,  Theory  of  the,  29. 
Jupiter's  Satellites,  Discovery  of, 


Kaleidoscope,  Sir  David  Brew- 
ster's, 43. 

Kaleidoscope,  the,  thought  to  be 
anticipated,  43. 

Kiroher's  "Magnetism,"  194. 

Leaning  Toweb,  Stability  of,  15. 
Level,  Curious  Change  of,  144. 
Leyden  Jar,  Origin  of  the,  216. 
Lifting  Heavy  Persons,  17. 
Light,  Action  of,  on  Muscular  Fi- 
bres, 34. 

Light,  Apparatus  for  Measuring, 
32. 

Light  from  Buttons,  36. 

Light,  Efifectof,  on  the  Magnet,198. 

Light  from  Fungus,  36. 

Light  from  the  Juice  of  a  Plant,  35. 

Light,  Importance  of,  34. 

Light,  Minuteness  of,  34. 

Light  Nights,  35. 


Light,  Polarisation  of,  33. 

Light,  Solar  and  Artificial  Com- 
pared, 29. 

Light,  Source  of,  29. 

Light,  Undulatory  Scale  of,  30. 

Light,  Velocity  of,  31. 

Light,  Velocity  of.  Measured  by 
Fizeau,  32. 

Light  fi'om  Quartz,  51. 

Lightning-Conductor,Ancient,167. 

Lightning-Conductors,  Service  of, 
166. 

Lightning  Experiment,  Fatal,  214. 
Lightning,  Photographic  Effects 
of,  46. 

Lightning  produced  by  Bain,  166. 
Lightning,   Sheet,  What  is  it? 
165. 

Lightning,  Varieties  of,  165. 
Lightning,  Various  Effects  of,  168. 
Log,  Invention  of  the,  173. 
London  Monument  used  as  an  Ob- 
servatory, 103. 

"Maestricht  Saurian  Fossil,"  the, 
141. 

Magnet,  Power  of  a,  195. 
Magnets,  Artificial,  How  made, 
195. 

Magnetic  Clock  and  Watch,  211. 
Magnetic  Electricity  discovered, 
199. 

Magnetic  Hypotheses,  193. 
Magnetic  Needle  and  the  Chinese, 
194. 

Magnetic  Poles,  North  and  South. 
201. 

Magnetic  Storms,  202. 
"  Magnetism,"  Kircher's,  194. 
Malachite,  How  formed,  124. 
Mammalia  in  Secondary  Eocks. 
130. 

Mammoth  of  the  British  Isles,  133. 
Mammoth,  Remains  of  the,  134. 
Mars,  the  Planet,  Is  it  inhabited 
82. 

Mastodon  coexistent  with  Man. 
135. 

Matter,  Divisibility  of,  14. 
Maury's  Physical  Geography  of  the 

Sea,  170. 
Mediterranean,  Depth  of,  176. 
Megatherium,  Habits  of  the,  135. 
Mercury,  the  Planet,  Temperature 

of,  82. 

Mer  de  Glace,  Flow  of  the,110. 
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Meteoric  Stones,  no  Fossil,  92. 
Meteorites,  Immense,  91. 
Meteorites  from  the  Moon,  89. 
Meteors,  Vast  Shower  of,  91. 
Microscope,  the  Eye,  Brain,  and 

Hair  seen  by,  41. 
Microscope,   Fish -eye.   How  to 

make,  40. 
Microscope,  Invention  of  the,  39. 
Microscope  for  Mineralogists,  42. 
Microscope  and  the  Sea,  42. 
Microscopes,  Diamond  Lenses  for, 

40. 

Microscopes,  Leuwenhoeck's,  40. 
Microscopic  Writing,  42. 
Milky  Way,  the.  Unfathomable,  85. 
Mineralogy  and  Geometry,  Union 
of,  25. 

Mirror,  Magic,  How  to  make,  43. 
Moon's  Attraction,  the,  73. 
Moon,  Has  it  an  Atmosphere  ?  69. 
Moon,  Life  in  the,  71- 
Moon,  Light  of  the,  70. 
Moon,  Mountains  in,  72. 
Moon,  Measuring  the  Earth  by,  74. 
Moon  seen  through  the  Eosse  Te- 
lescope, 72. 
Moon,  Scenery  of,  71. 
Moon  and  Weather,  the,  73. 
Moonlight,  Heat  of,  70. 
«'  More  Worlds  than  One,"  56,  57. 
Mountain-chains,  Elevation  of,  107. 
Music  of  the  Spheres,  55. 
Musket-balls  found  in  Ivory,  237. 

Natural  and  Supernatural,  the,  6. 
Nautical  Almanac,  EiTors  in,  185. 
Nebulae,  Distances  of,  85. 
Nebular  Hypothesis,  the,  86. 
Neptune,  the  Planet,  Discovery  of, 
83. 

Newton,  Sir  Isaac,  his  "Apple- 
tree,"  8. 

Newton  upon  Burnet's  Theory  of 
the  Earth,  125. 

Newton's  Dog  "Diamond,"  8. 

Newton's  first  Reflecting  Teles- 
cope, 94. 

Newton's  "  Principia,"  9. 

Newton's  Rooms  at  Cambridge,  7. 

Newton's  Scale  of  Coloxu-s,  49. 

Newton's  Soap  -  bubble  Experi- 
ments, 49,  50. 

New  Zealand,  Extinct  Birds  of, 
139. 

Niagara,  the  Roar  of,  28. 


Nineveh,  Rock-crystal  Lens  found 
at,  39. 

Non-conducting  Bodies,  215. 
Nothing  Lost   in  the  Materia 
World,  18, 

Objects  reaUy  of  no  Colour,  37. 

Objects,  Visibility  of,  30. 

Observation,  the  Art  of,  3. 

Observatory,  Lacaillo's,  101. 

Observatory,  the  London  Monu- 
ment, 103. 

Observatory,  Shirbum  Castle,  101. 

Ocean  and  Air,  Depths  of  imknown, 
174. 

Ocean  Highways,  184. 

Ocean,  Stability  of  the,  12. 

Ocean,  Transparency  of  the,  171. 

"  Oldest  piece  of  Wood  upon  the 
Earth,"  142. 

Optical  Effects,  Curious,  at  the 
Cape,  38. 

Optical  Instruments,  Late  Inven- 
tion of,  100. 

Oxford  and  Cambridge,  Science 
at,  1. 

Pascal,  How  he  weighed  the  At- 
mosphere, 148. 

Pebbles,  on,  106. 

Pendulum  Experiments,  16-22. 

Pendulum,  the  Earth  weighed  by, 
200. 

Pendulums,  Influence  of  on  each 

other,  200. 
Perpetual  Fire,  117. 
Petrifaction  of  Human  Bodies,  131. 
Phenomena,  Mutual  Relations  of,  4. 
Philosophers'  False  Estimates,  5. 
Phosphorescence  of  Plants,  35. 
Phosphorescence  of  the  Sea,  35. 
Photo-galvanic  Engraving,  47. 
Photograph  and  Stereoscope,  47. 
Photographic  effects  of  Lightning, 

45. 

Photographic  Surveying,  46. 
Photographs  on  the  Retina,  236. 
Photography,  Best  Sky  for,  45. 
Photography,  Magic  of,  44. 
Pisa,  Leaning  Tower  of,  15. 
Planetary  System,  Origin  of  our, 
86. 

Planets,  Diversities  of,  79. 
Planets,  List  of  the,  and  their  Dis- 
coverers, 239. 
Plato's  Survey  of  the  Sciences,  2. 
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Pleiades,  the,  77. 
i  Plurality  of  Worlds,  57. 
Polar  Ice,  Immensity  of,  181. 
Polar  Iceberg,  180. 
Polarisation  of  Light,  33. 
Pole,  Open  Sea  at  the,  181. 
Pole-Star  of  4000  years  ago,  76. 
Profitable  Science,  139. 
Pterodactyl,  the,  130. 
Pyramid,  Duration  of  the,  14. 

Quartz,  Down  of,  42. 

Eain,  All  in  the  "World,  155, 
Rain,  an  Inch  on  the  Atlantic,  156. 
Bain-Drops,  Size  of,  154. 
Eain,  How  the  North  Wind  drives 

it  away,  154. 
Rain,  Philosophy  of,  153. 
Rainless  Districts,  155. 
Rain-making  Vapour,  from  South 

to  North,  152. 
Rainy  Climate,  Inordinate,  154. 
Red  Sea  and  Mediterranean  Levels, 

175. 

Red  Sea,  Colour  of,  176. 
Repulsion  of  Bodies,  216. 
Rhinoceros  of  Britain,  135. 
River-water  on  the  Ocean,  181. 
Rose,  no  Fossil,  142. 
Rosse,  the  Earl  of, his  "Telescope," 
96-99. 

Rotation  -  Magnetism  discovei-ed. 
199. 

Rotation,  the  Axis  of,  11. 

Sx.  Paul's  Cathedral,  how  pro- 
tected from  Lightning,  167. 

Salt,  All  in  the  Sea,  179. 

Salt  Lake  of  Utah,  113. 

Salt,  Solvent  Action  of,  115. 

Saltness  of  the  Sea,  How  to  tell, 
179. 

Sand  in  the  Hour-glass,  20. 
Sand  of  the  Sea  and  Desert,  106. 
Saturn's  Ring,  Was  it  known  to 

the  Ancients?  81. 
Schwabe,  on  Sun-Spots,  68. 
Science  at  Oxford  and  Cambridge, 

Science  of  the  Ancient  World,  1. 

Science,  Theoretical,  Practical  Re- 
sults of,  4. 

Sciences,  Plato's  Survey  of,  2. 

Scientific  Treatise,  the  Earliest  En- 
glish, 5. 


Scoresby,  Dr.,  on  the  Rosse  Tele- 
scope, 99. 

Scratches,  Colours  of,  36. 

Sea,  Bottles  and  Currents  at,  172. 

Sea,  Bottom  of,  a  burial-place,  177. 

Sea,  Circulation  of  the,  170. 

Sea,  Climates  of  the,  170. 

Sea,  Deep,  Life  of  the,  174. 

Sea,  Greatest  ascertained  Depth 
of,  175. 

Sea,  Solitude  at,  172. 

Sea,  Temperature  of  the,  170. 

Sea,  Why  is  it  Salt  ?  177. 

Seas,  Primeval,  Depth  of,  234. 

Sea-breezes  and  Land-breezes  il- 
lustrated, 150. 

Sea-milk,  What  is  it?  176. 

Sea-routes,  How  shortened,  1S4. 

Sea-shells  and  Animalcules,  Ser- 
vices of,  234. 

Sea-shells,  Why  found  at  Great 
Heights,  106. 

Sea-water,  to  imitate,  235. 

Sea-wator,  Properties  of,  179. 

Serapis,  Temple  of.  Successive 
Changes  in.  111. 

Sheep,  Geology  of  the,  138. 

Shells,  Geometry  of,  232. 

Shells,  Hydraulic  Theory  of,  233. 
Siamese  Twins,  the,  galvanised. 
203. 

Skin,  Dark  Colour  of  the,  63. 

Smith,  WilUam,  the  Geologist,  126. 

Snow,  Absence  of  in  Siberia,  159. 

Snow,  Impurity  of,  158. 

Snow  Phenomenon,  158. 

Snow,  Warmth  of,  in  Arctic  La- 
titudes, 158. 

Snow-capped  Volcano,  the,  119. 

Snow  -  crystals  observed  by  the 
Chinese,  159. 

Soap-bubble,  Science  of  the,  48. 

Solar  Heat,  Extreme,  63. 

Solar  System,  Velocity  of,  59. 

Sound,  Figures  produced  by,  28. 

Sound  in  rarefied  Air,  27. 

Sounding  Sand,  27. 

Space,  Infinite,  86. 

Speed,  Varieties  of,  17. 

Spheres,  Music  of  the,  55. 

Spots  on  the  Sun,  67. 

Star.^Fixed,  the  nearest,  78. 

Sta/s'  Colour,  Change  in,  77. 

Star's  Light  sixteen  times  that  of 
the  Sun,  79. 

Stars,  Number  of,  75. 
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Stars  seen  by  Daylight,  102. 
Stars  that  have  disappeared,  76. 
Stars,  Why  created,  75. 
Stereoscope  and  Photograph,  47. 
Stereoscope  simplified,  47. 
Storm,  Impetus  of,  164. 
Storms,  Revolving,  164. 
Storms,  to  tell  the  Approach  of, 
163. 

Storm-glass,  How  to  make,  164. 

Succession  of  Life  in  Time,  128. 

Sun,  Actinic  Power  of,  62. 

Sun  and  Fixed  Stars'  Light  com- 
pared, 64. 

Sun  and  Terrestrial  Magnetism,  64. 

"  Sun  Darkened,"  64. 

Sun,  Great  Size  of,  on  Horizon,  61. 

Sun,  Heating  Power  of,  62. 

Sun,  Lost  Heat  of,  103. 

Sun,  Luminous  Disc  of,  60. 

Sun,  Nature  of  the,  59,  238. 

Sun,  Spots  on,  67. 

Sun,  Translatory  Motion  of,  61. 

Sun's  Distance  by  the  Yard  Mea- 
sure, 66. 

Sun's  Heat,  Is  it  decreasing  ?  65. 

Sun's  Rays  increasing  the  Strength 
of  Magnets,  196. 

Sun's  Light  and  Terrestrial  Lights, 
61. 

Sun-dial,  Universal,  65. 

Telegraph,  the  Atlantic,  226. 
Telegraph,  the  Electric,  220. 
Telescope  and  Microscope,  the,  38. 
Telescope,  Galileo's,  93. 
Telescope,  Herschel's,  95. 
Telescope,  Newton's  first  Reflect- 
Telescopes,  Antiquity  of,  94. 
Telescopes,  Gigantic,  proposed,  99. 
ing,  94. 

Telescopes,  the  Earl  of  Rosse's,  96. 
Temperature  and  Electricity,  208. 
Terrestrial  Magnetism,  Origin  of, 
200. 

Thames,  the.  and  its  Salt-water 
Bed,  182. 

Threads,  the  two  Electric,  215. 

Thunderstorm  seen  from  a  Bal- 
loon, 169. 

Tides,  How  produced  by  Sun  and 
Moon,  66. 


Time  an  Element  of  Force,  19, 
Time,  Minute  Measurement  of, 
194. 

Topaz,  Transmutation  of,  37. 
Trilobite,  the,  138. 
Tuning-fork  a  Flute-player,  28. 
Twilight,  Beauty  of,  148. 

Universe,  Vast  Numbers  in,  75. 
Utah,  Salt  Lake  of,  113. 

Velocity  of  the  Solar  System,  59. 
Vesta  and  Pallas,  Speculations  on, 
82. 

Vesuvius,  Great  Eruptions  of,  119. 
Vibration  of  Heated  Metals,  188. 
Visibility  of  Objects,  30. 
Voice,  Human,  Audibility  of,  27. 
Volcanic  Action  and  Geological 

Change,  118. 
Volcanic  Dust,  Travels  of,  119. 
Volcanic  Islands,  Disappearance 

of,  117. 

Voltaic  Battery  and  the  Gymno- 

tus,  206. 
Voltaic  Currents  in  Mines,  206. 
Voltaic  Electricity  discovered,  205. 

Watches,  Harrison's  Prize,  229. 
Water  decomposed  by  Electricity, 
208. 

Water,  Running,  Force  of,  114. 

Waters  of  the  Globe  gradually  de- 
creasing, 113. 

Water-Purifiers,  Natural,  234. 

Waterspouts,  How  formed  in  the 
Java  Sea,  160. 

Waves,  Cause  of,  1 83. 

Waves,  Force  of,  184. 

Waves,  Rate  of  Travelling,  183. 

Wenham-Lake  Ice,  Pm-ity  of, 
161. 

West,  Superior  Salubrity  of,  150. 
"  White  Water,"  and  Luminous 

Animals  at  Sea,  173. 
Winds,  Transporting  Power  of, 

163. 

Wollaston's  Minute  Battery,  2(>4. 
World,  All  the,  in  Motion."  11. 
World,  the,  in  a  Nutsboll,  IS 
Worlds,  More  than  Ouo,  5f). 
Worlds  to  come,  58. 
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Gentle  Reader, 

This  Second  Series  of  "  Curiosities  of  Science  "  completes 
the  anecdotic  illustrations  commenced  in  the  First  Series  :  at  the 
same  time  it  forms  the  Sixth  Volume  of  "Things  not  generally 
Known  familiarly  Explained,"  and  concludes  that  design. 

The  present  volume  is  devoted,  in  the  main,  to  Chemistry,  its 
Students  and  Professors.  In  the  plan,  the  object  has  not  been 
systematic  tuition  ;  although  the  sequence  of  subject  has  been 
kept  in  view,  so  far  as  could  be  appropriately  realised.  The 
early  portion  of  the  volume  is  retrospective  and  historical,  illus- 
trating the  profession  of  Alchemy  in  brief  biographical  notices 
of  its  practitioners  ;  then  tracing  the  transition  from  Alchemy  to 
Modern  Chemistry,  and  attempting  to  distinguish  the  early  Chemists 
from  the  Alchemists— the  real  from  the  ideal — the  founders  of  a 
great  science  from  the  charlatans  of  low  artifice  and  imposture.  In 
this  section  of  the  work  an  attempt  has  been  made  to  sketch  the 
fates  and  fortunes  of  the  Alchemists,  briefly  and  without  recourse 
to  the  shibboleth  of  their  art ;  special  regard  being  had  for  the 
individual  characteristics  of  the  practitioners,  their  portraitures 
and  habits  and  true  histories. 

"Under  "Modern  Chemistry"  and  "General  Science" 
striking  Facts  and  Phenomena  are  popularly  recorded, — often  by 
way  of  anecdote,— keeping  in  view  the  recreative  object  of  this  little 
volume,  which,  in  accordance  with  others  of  the  Series  of  which  it 
forms  a  portion,  seeks  to  impart  information  and  entertainment  in 
the  same  moment,  respecting  "  Things  not  generally  Known." 

In  presenting  you  with  this  volume,  I  recur  with  grateful  feel- 
ings to  the  large  share  of  public  favour  which  continues  to  be 
extended  to  the  entire  Work.  Its  main  idea— that  of  seizing  upon 
topics  imperfectly  understood,  and  conveying,  in  an  attractive  form, 
information  beyond  commonplace— has  been  purloined  and  parodied 
in  a  legion  of  shapes,  and  often  with  such  disflgurement  as  gipsies 
inflict  upon  stolen  children.  Nevertheless,  the  unflagging  interest 
taken  by  the  reading  public  in  the  portion  of  "  Things  not  gene- 
rally Known"  already  published,  leads  me  to  hope  that  the  like 
favour  may  be  extended  to  the  present  volume. 

I.  T. 


June  1880. 
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THE  ALCHEMIST,  PAINTED  BY  TENIERS. 
This  agea  experimentalist  in  "  the  more  sublime  and  occult  part  of 
chemistry  "  is  the  principal  figure  in  a  picture  by  the  younger  Teniers, 
from  the  Orleans  Gallery.  It  is  characteriatic  of  the  attention  paid  to  the 
Alchemists  and  their  labours  in  the  present  work  ;  and  when  it  is  re- 
membered how  much  Chemists  owe  to  the  Alchemists,  the  details  of 
their  art  and  mystery  may  fairly  be  numbered  among  the  "Curiosities 
of  Science."    (See  pp.  l-i7.) 


DECOMPOSITION  OF  WATER  UNDER  THE  OXYHYDROGEN 
GAS  MICROSCOPE. 

The  Decomposition  of  Water  by  chemical  action  presents  a  very 
curious  appearance  under  the  Gas  Microscope:  it  was  exhibited  at 
the  Royal  Gallery  of  Practical  Science,  Strand  ;  at  the  Polytechnic 
Institution  in  Regent  Street ;  and  other  establishments  of  this  class, 
which  have  so  long  gi-atified  a  healthy  taste  amongst  the  people  for 
the  marvels  of  modern  science.  The  process  is  thus  described  by  Mr. 
Edward  M.  Clarke,  in  his  Directions  for  using  Philosophical  Apparatus 
in  Private  Research  and  Public  Exhibitions.  The  Author  will  be  re- 
membered as  a  manufacturer  of  Mathematical,  Philosophical,  and  Opti- 
cal Appai-atus,  in  the  Strand.  He  supplied  many  of  the  instruments 
at  the  Adelaide  Gallery,  at  the  Colosseum  in  the  Regent's  Pai-k,  and 
at  the  Polytechnic  Institution  ;  and  to  Mr.  Clarke's  untiring  industry 
was  mainly  due  the  establishment  of  the  Panopticon  in  Leicester  Square  ; 
an  enterprise  which,  unfortunately  for  the  public  as  well  as  the  pro- 
jn-ietoi-s,  did  not  prove  commercially  successful.  It  is,  however,  due  to 
a  man  of  Mr.  Clarke's  energetic  character  to  state  these  facts,  that  the 
exertions  of  one  who  laboured  so  zealously  for  the  public  gratification 
may  be  rightly  appreciated.  In  England  Scientific  Exhibitions  are  left 
to  the  chances  of  ordinary  speculation  ;  and  little  is  done  by  the  State 

•1  this  great  countiy  of  the  Steam-engine  to  gratify  the  desires  of  the 
people  for  scientific  study  or  recreation,  unless  the  scheme  be  recom- 
mended by  some  prospects  of  patronage  and  personal  influence.  If, 
iiowever,  it  were  rightly  considered  how  much  the  scientific  colour 

f  public  amusements  is  calculated  to  benefit  the  intelligence  of  the 
people,  more  attention  would  be  paid  to  the  subject. 

The  Decomposition  of  Water  is  effected  by. the  adaptation  of  a  gla.ss 
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trough  to  the  microscope  (introduced  horizontally  in  the  manner  of  a 
Blidor),  containing  diluted  sulphuric  acid,  similar  to  that  employed  in 
the  preparation  of  hydrogen  gas.  On  a  few  pieces  of  fresh-broken  zinc 
bemg  dropped  into  the  diluted  acid,  decomposition  of  the  water  instantly 
commences.  Its  oxygen  gas  combines  unperceived  with  the  zinc,  which 
then  dissolves  graduaUy  in  the  sulphuric  acid;  while  the  hydrogen  ga«, 
set  free  at  the  same  instant,  rapidly  rises  in  bubbles  through  the  liquid' 
and  escapes  at  the  surface.  These  bubbles,  magnified,  present  a  most 
extraordinary  appearance,  forming  a  series  of  whitish  luminous  globules, 
descending  in  the  fluid  (for  every  thing  appears  reversed  in  the  micro- 
scopic exhibitions)  from  an  opaque  surface,  and  swelling  enormously 
as  they  struggle,  under  the  trebly  expansive  powers  of  heat,  combina- 
tion, and  lessening  pressure. 

By  means  of  the  glass  troughs,  made  without  joinmgs  in  moulds, 
Mr.  Clarke  was  enabled  to  adapt  with  fine  efiect  Sturgeon's  interesting 
experiment  of  the  Decomposition  of  Water  by  a  voltaic  circuit  arismg 
from  the  action  of  Platinum  on  amalgamated  Zinc,  in  the  following- 
manner.  The  trough,  containing  dUuted  sulphuric  acid,  as  in  the  pre- 
vious exhibition,  is  introduced  horizontally,  and  held  fast  in  its  place 
like  a  slider  by  the  internal  spring.  A  piece  of  amalgamated  zinc  is 
then  dropped  into  the  liquid,  but  no  action  takes  place.  A  piece  of 
platinum  wire  is  then  thrust  into  the  liquid,  but  if  kept  apart  from  the 
amalgamated  zinc,  still  no  action  ia  apparent.  The  moment,  however, 
tJiat  the  wire  is  brought  into  contact  with  the  amalgamated  lump, 
pearly  bubbles  of  gas  are  seen  to  form  on  all  parts  of  the  platinum.  In 
the  engraving,  Z  is  the  lump  of  amalgamated  zinc  seen  in  dark  profile 
on  the  iUummated  disk,  and  the  equally  dark  serpentine  Hne  in  contact 
with  it  is  the  platinum  wire.  It  will  be  observed,  that  notwithstand- 
ing the  platinum  wire  is  covered  with  gas,  not  a  single  bubble  is  given 
off  from  the  amalgam.  If  the  wire  is  lifted  from  its  contact  with  the 
latter,  all  chemical  action  and  formation  of  bubbles  instantly  cease.  If 
again  allowed  to  touch  the  amalgamated  zinc,  the  gas  is  generated  as  at 
first. 

Other  modes  of  the  Decomposition  of  Water,  with  details  of  the 
celebrated  experiment  of  1781,  will  be  found  at  pp.  77-79. 
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WHAT  THE  CHEMISTS  OWE  TO  THE  ALCHEMISTS. 

Inestimable  benefits  have  accrued  to  mankind  from  the  ancient 
practice  of  an  art  which  is  now  considered,  but  with  some 
injustice,  to  have  been  a  low  delusion  and  imposture.  "  Look 
into  the  books  of  the  alchemists,  and  some  idea  may  be  formed 
of  the  effects  of  experiments.  It  is  true,  these  persons  were 
guided  by  false  views  ;  yet  they  made  most  useful  researches," 
and  thus  laid  the  foundation  of  experimental  science  and 
modern  Chemistry. 

Chemistry  has  been  traced  to  the  cradle  of  civilisation  ;  the 
name  itself  being  derived  by  Cuvier  from  the  word  Chim,  which 
was  the  ancient  name  of  Egypt.  He  states  that  minerals  were 
known  to  the  Egyptians  "  not  only  by  their  external  characters, 
but  also  by  what  we  at  the  present  day  call  their  chemical  cha- 
racters." 

Suidas  derives  the  name  from  the  Greek  chemeia,  "the 
making  of  silver  or  gold,"  or  what  is  now  more  generally 
known  by  the  name  of  Alchemy.  Suidas  adds  that  Diocletian 
burnt  all  the  ancient  books  in  Egypt  on  chemistry,  in  order 
that  the  Egyptians  might  no  longer  be  able  to  acquire  wealth 
by  the  practice  of  this  art,  and  thus  be  encouraged  to  resist 
the  Romans.  This  accords  with  Cuvier's  idea  that  chemeia  is 
an  Egyptian  word ;  and  its  resemblance  to  Cham  or  Chem,  the 
genuine  name  of  the  country,  is  a  confirmation  of  the  sup- 
position as  to  its  origin.  The  word  indicates  literally  Egyptian 
art,  the  art  of  the  black  laud.  The  inscription  on  the  Rosetta 
stone  has  the  word  Chim. 

Among  the  chemical  knowledge  of  the  Romans  under  the 
Empire,  we  find  a  few  experiments  by  Dioscorides,  and  the  tech- 
nical art  of  collecting  fluids  by  the  process  of  distillation. 

This  famous  Greek  wrote  on  Materia  Medica,— the  title  of  his  prin- 
cipal work,— and  few  books  have  ever  enjoyed  such  long  and  universal 
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celebrity.  For  sixteen  centuries  and  more  this  work  was  referred  to 
as  the  lountain-head  of  all  authority  by  every  body  who  studied  either 
botany  or  the  mere  virtues  of  plants.  Dioscorides  f  ollccted  his  mate- 
rials for  this  work  by  travelling  through  Greece,  Italy,  Asia  Minor,  and 
Bome  parts  of  Gaul,  gathering  plants  in  his  journey,  and  acquainting 
himself  with  their  properties  real  or  reputed.  He  likewise  assembled 
the  opinions  current  in  his  day  concerning  the  medical  plants  brought 
from  countries  not  visited  by  himself,  especially  from  India,  which  at 
that  time  furnished  many  drugs  to  the  western  markets.  From  such 
materials  he  compiled  his  Materia  Medica,  wherein  between  500  and 
600  medical  plants  are  named  and  briefly  described.  With  this  work, 
up  to  the  commencement  of  the  seventeenth  century,  the  whole  of 
academical  or  private  study  on  such  subjects  was  begun  and  ended ; 
and  it  was  only  when  the  rapidly  increasing  numbers  of  new  plants,  and 
the  general  advance  in  all  branches  of  physical  knowledge,  compelled 
people  to  admit  that  the  vegetable  kingdom  might  contain  more  things 
than  were  dreamt  of  by  Dioscorides,  that  his  authority  ceased  to  be 
acknowledged.  It  should  be  added,  that  although  his  work  shows  the 
amount  of  Materia  Medica  knowledge  in  his  day,  it  must  not  be  admitted 
as  evidence  of  the  state  of  botany  at  the  same  period  ;  for  Dioscorides 
has  no  pretension  to  be  ranked  among  the  botanists  of  antiquity,  con- 
sidering that  the  writings  of  Theophrastus,  four  centuries  earlier,  show 
that  botany  had  even  at  that  time  begun  to  be  cultivated  as  a  science 
distinct  fi'om  the  art  of  the  herbalist. 

But  Chemistry  cannot  be  said  to  have  begun  until  men 
learnt  to  obtain  mineral  acids,  and  to  employ  them  for  the 
solution  and  liberation  of  substances  ;  and  it  is  on  this  account 
that  the  distillation  of  sea-water  described  by  Alexander  of 
Aphrodisia,*  under  Caracalla,  is  so  worthy  of  notice.  It  desig- 
nates the  path  by  which  man  gradually  arrived  at  a  knowledge 
of  the  heterogeneous  nature  of  substances,  their  chemical  com- 
position, and  their  mutual  affinities.  — HumholcWs  (7os??ios,  vol. ii. 

EGYPTIAN  ALCHEMY. 

The  late  Sir  William  Drummond  wrote  in  the  Classical 
Journal  an  elaborate  defence  of  Egyptian  Alchemy.  He  first 
asserts  that  the  ancient  Egyptians  could  not  have  possessed 
gold  by  any  ordinary  modes,  inasmuch  as  they  had  no  mines, 
and  were  not  addicted  to  commerce  ;  yet  they  constructed  vast 
buildings  and  public  works — such  as  the  Labyrinth,  the  Lake 
Moeris,  the  Pyramids,  and  the  tomb  of  Osymandias,  the  golden 
circle  in  which  Sir  William  values  at  14,000,000^.  sterling.  He 
quotes  Herodotus'  statement,  that  the  charge  for  onions  and 
garlic  furnished  to  the  labourers  on  the  Pyramids  amounted  to 
1600  silver  talents,  i.  e.  about  600,000^.  sterling.  "  Gold,"  ob- 
serves he,  "  was  so  plentiful  that  the  hunter  formed  his  wea- 

*  Although  Alexander  of  Aphrodisia,  properV  speaking,  gives  only  a  cii^ 
cumstantini  description  of  distillation  from  sea-water,  lie  dr.'xws  attention  to 
the  fact  that  wine  may  likewise  be  distilled.  This  statement  is  the  more 
remarkable  because  Aristotle  {Meteorol.  ii.  3,  p.  358,  Bekker)  had  advanced  the 
erroneous  opinion,  that  in  natural  evaporation  fresh  water  only  rose  from  wiue 
as  from  the  salt  water  of  the  sea. 
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pons  and  the  labourer  his  tools  of  this  precious  metal."  After 
noticing  the  great  hatred  with  which  the  Egyptians  regarded 
Cambyses  and  his  Persian  followers,  he  states  that  the  priests, 
who  alone  possessed  the  power  of  making  gold,  concealed  it 
till  the  accession  of  the  House  of  Lagus,  when  they  again  made 
known  their  scientific  knowledge.  Such  are  a  few  of  the 
assumed  facts  upon  which  a  defence  of  Alchemy  is  founded, 
and  such  are  the  arguments  by  which  it  is  supported.  But, 
first,  the  mhabitants  of  Egypt  had  gold-mines,  and  vestiges  of 
them  exist  to  this  day  ;*  next,  many  learned  men  deny  that 
the  Lake  Moeris  ever  existed,  and  that  the  circle  or  planisphere 
of  gold  over  the  tomb  of  Osymandias,  not  being  mentioned  by 
Herodotus,  is  of  very  questionable  existence ;  nor  does  he  ex- 
plain how  Cheops  raised  the  money  to  build  the  great  pyramid; 
and  the  amount  of  the  charges  for  food,  clothing,  tools,  and 
refreshments  is  ridiculously  small ;  while  Herodotus  shows  that 
the  Egyptian  monarchs  suffered  from  an  exhausted  exchequer, 
which  they  need  not  have  done  had  they  made  their  own 
gold.  Such  are  the  arguments  by  which  Alchemy  has  been 
historically  supported.  They  are  not  much  better  than  Bor- 
rachius's  syllogism — that  because  the  ancient  Egyptians  hatched 
eggs  in  ovens,  they  therefore  possessed  the  Philosopher's  Stone 
and  the  Universal  JVIedicine. — Abridged  from  the  Rev.  Mr. 
Christmas's  Cradle  of  the  Twin  Giants,  vd.  ii. 


METALS  KNOWN  TO  THE  ANCIENTS. 

Gold  was  the  Sun,  and  was  represented  thus  0 
Silver     „    Moon  „  2) 

Mercury  ,,    Mermry  ,.,  5 

Copper    ,,    Venus  1 


Iron  Mars 


v 

Tin        „    Jupiter        ','>  »I  V- 


Lead      „    Saturn  „  ^ 

The  names  of  planets  were  chosen  from  being  supposed  to 
have  some  mysterious  relation ;  and  each  metal  was  denoted 
by  a  particular  symbol,  representing  both  the  metal  and  the 
planet.  This  planetary  designation,  as  adopted  by  the  alche- 
mists, forms  the  basis  of  some  chemical  and  medical  terms 
now  in  use.  Thus  we  have  Lunar  Caustic,  or  fused  nitrate  of 
silver ;  Martial  pyrites,  or  native  sulphuret  of  iron  ;  Mercui-y  is 

V  *K  Sir  Gardner  "Wilkinson  says,  the  gold-mines  of  Ef?ypt,  thougli  mentioned 
by  Agatharcides  and  later  writers,  and  worked  even  by  the  Arabian  caliphs, 
long  remained  unknown;  and  their  position  was  only  ascertained  a  few  years 
since  by  M.  Lenaut  and  M.  Bonomi,  who  found  Cufic  inscriptions  showing  that 
the  mines  were  worked  in  the  years  339  a.h.  (931  a.d.)  and  378  a.h.  (989  a.d.j. 
1  he  mntrix  is  quartz ;  and  so  diligently  did  the  Egyptians  work  for  the  metal,  that 
Uie  veins  have  been  picked  out  of  the  fissures  and  broken  into  small  fragments. 
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even  now  as  much  a  term  as  quicksilver  ;  and  Saturnine  para- 
lysis is  paralysis  caused  by  salts  of  Iqh^.— Faraday's  Lecture  • 
Note  by  Scoifern. 

The  above  explains  the  association  of  Astrology  and  Alchemy.  An 
Oxford  Professor  has  remarked  :  "  It  is  not  a  little  remarkable  how  fre- 
quently the  discoveries  of  modern  days  have  served  to  redeem  the 
fancies  of  mediaeval  times  from  the  charge  of  absiu-dity.  If  the  direction 
of  a  bit  of  steel  suspended  near  the  earth  can,  as  Colonel  Babine  has 
proved,  be  influenced  by  the  position  of  a  body  like  the  moon,  situated 
at  the  distance  from  it  of  more  than  200,000  miles,  who  shall  say  that 
there  was  any  thing  preposterously  extravagant  in  the  conception,  how- 
ever little  support  it  may  receive  from  experience,  in  the  influence 
ascribed  to  the  stars  over  the  destinies  of  men  by  the  astrologers  of 
olden  time  V'—Dr.  Daubeny,  FJIS. 


THE  ARABS. — GEBEK. 

Hitherto  we  have  only  referred  in  part  to  the  origin  of  the 
name  Alchemy,  from  the  Greek ;  whereas,  the  first  syllable, 
al,  denotes  the  probability  of  the  Arabic  origin  of  the  art. 
Dr.  Thomson  supposes  it  to  have  originated  with  the  Arabs 
when  they  began  to  turn  their  attention  to  medicine,  after  the 
establishment  of  the  Caliphs  ;  so  that  if  it  had  been  previously 
cultivated  by  the  Greeks,  as  there  is  some  reason  to  suppose,  it 
was  taken  up  by  the  Arabians,  and  reduced  by  them  into  regu- 
lar form  and  order. 

The  Arabs,  we  know,  exercised  a  most  powerful  influence 
on  general  natural  physics  by  the  advances  of  chemistry,  a 
science  for  which  this  race  created  a  new  era.  It  must  be  ad- 
mitted that  alchemistic  and  new-Platonic  fancies  were  as  much 
blended  with  chemistry  as  astrology  with  astronomy.  The  re- 
quirements of  pharmacy,  and  the  equally  urgent  demands  of 
the  technical  arts,  led  to  discoveries  which  were  promoted, 
sometimes  designedly  and  sometimes  by  a  happy  accident  de- 
pending upon  alchemistical  investigation  into  the  study  of 
metallurgy. 

Geber,  the  Arab  physician,  who  lived  in  the  seventh  century, 
is  one  of  the  earliest  alchemists  whose  works  are  extant ;  but 
their  genuineness  is  doubted.  He  implicitly  adopts  the  prin- 
ciples which  lie  at  the  bottom  of  alchemy  ;  but  he  does  not 
attempt  to  make  gold  artificially,  nor  admit  the  possibility  of 
converting  the  baser  metals  into  gold.  Geber  also  treats  of  the 
Universal  Medicine,  Tincture,  Elixir,  and  the  Philosopher's 
Stone.  Dr.  Johnson  supposes  that  the  word  Oihberish,  anciently 
written  Oeberish,  was  originally  applied  to  the  language  of  Geber 
and  his  tribe,  and  quotations  from  his  works  j  ustify  the  etymo- 
logy. Geber  was  an  alchemist  in  the  most  comprehensive  sense 
of  the  word,  and  his  works  abound  with  the  absurd  and  mys- 
tical phrases  of  the  art  j  but  his  chemical  labours  were  directed 


Curiosities  of  Science.   

to  Students  to  aid  them  in  the  labonous  f^^JJ^/^J^^^,^^^^^^^^^ 
and  Elixir  has  been  translated  mto  most  of  the  languages  oi 
Sirope  an  EngUsh  translation,  by  a  great  enthusiast  m  al- 
Sy! 'one  Richard  Russell,  was  published  in  London  m  1686, 
+liP  nreface  of  which  is  dated  from  Newmarket.  ,  ,  ,  , 
Ks  the  preparation  of  nitric  acid  by  Geber  dates  back 
more  than  500  years  before  Albertus  Magnus  and  Raymond 
LulTy,  and  a  molt  700  years  before  Basil  Valentine  ;  although 
tirdiscovery  of  these  decomposing  (dissolvuig)  acids  was  long 
ascribed  to  the  three  last  experimentalists. 

Razes  gives  the  rules  for  the  vinous  fermentation  of  amylum 
and  sugar,  and  for  the  distiUation  of  alcohol,  or  al  Kahala, 
wWchTn  Arabic  means  the  sulphuret  or  common  ore  of  anti- 
mony used  by  the  Arabian  women  to  blacken  their  eyebrows. 
According  to  the  dictionary  of  the  Spanish  Academy,  the  al- 
chemists were  in  the  habit  of  selling  this  mineral  along  with 
aXt  spirit,  believing  that  a  highly  concentrated  spirit  was 
the  result:  hence  the  word  Alcohol,  a  corruption  of  al  Ka- 
hala. 

HEEIMES  TRISMEGISTUS. 

Hermes  Trismegistus  is  generaUy  mentioned  as  one  of  the 
earliest  alchemists  :  from  him  alchemy  has  been  called  the  Ber- 
metic  art ;  and  the  word  herimtic,  still  in  common  use,  is  derived 
from  Hermes,  and  employed  to  denote  perfect  y  close,  so  that 
no  air  can  escape ;  but  the  ancient  hermeUc  seal  was  formed  by 
fusinc^  the  mouth  or  extremity  of  a  vessel  so  as  to  close  it  en- 
tirely'' Still  the  writings  bearing  the  name  of  Hermes  are  un- 
doubtedly spurious.  With  the  view  of  gaining  credence  for 
alchemy,  it  was  also  caUed  the  Egyptian  science;  but,  says 
Cuvier  the  art  of  transmuting  metals  was  a  mere  reverie  ot 
the  middle  ages,  utterly  unknown  to  antiquity  :  "  the  pre- 
tended books  of  Hermes  are  evidently  supposititious,  and  were 
written  by  the  Greeks  of  the  lower  Empire." 

ALBERTUS  MAGNUS. 

Passing  over  less  celebrated  alchemists,  we  come  to  Albertus 
Magnus,  a  German,  bom  in  1282.  In  his  treatise  i)e  Jlckemdi, 
he  describes  all  chemical  substances  known  in  his  time ;  he 
was  well  acquainted  with  chemical  apparatus,  and  with  the 
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method  of  purifying  the  precious  metals.  lie  iraatrined  that  thp 
metals  were  composed  of  mercury  and  sulphu^S  accounts 
for  the  diversity  of  them  by  the  diflference  in  the  proportTon  of 
their  constituents  and  their  purity.  His  writings^rrf  n  Ze- 
•al  plain  and  intelligible ;  Thomas  Aquinas  is  believed  to  have 
been  he  pupil  of  Albert  He  wrote  three  works  on  alchemy 
^nd  .nntr  ^.T^-^'"^'^'*  ^igmiying  a  compound  of  mercur; 
and  another  metal  occurs,  and  probably  for  the  first  time  in 

chemCl^^''  ''^''^^  ^'^^^^^  S 

RAYMOND  LULLY. 
Nearly  half  a  century  earlier,  in  1234,  was  born,  at  Maiorca 

o/'d^^^^^'  ''^'^  *°  ^'-^^^  been  the'scholar  and  the  fS 
oi  Kogei  Bacon.  His  reputation  as  an  alchemist  was  very  high  • 
he  was  well  acquainted  with  chemical  compounds,  and  their 
action  upon  each  other;  he  obtained  nitric  acid  by  distiUin 'a 
mixture  of  nitre  and  green  vitriol,  observed  its  power  of  acting 
upon  metals  generaUy,  and  of  dissolving  gold  when  mixed  with 
late^S  Hfe '^°*  ^PP^^^'^  ^^ve  taken  Geber  for  his  model 
Lully's  history  is  peculiarly  interesting  to  the  English  reader  from 
s^ttledrE^r  f'"*'??  ^^-^.^^^or.  the  iLtation  of  ^hl^oTereTgn  h^ 
Loi don  v5f.^  r  '  ^""^ apartments  assigned  for  his  use  in  the  Tower  of 
London  refined  much  gold ;  superintended  the  coinage  of  rose-noUes 
of  «i^^  ?r^°^VT.1r°'  q^^ksilver,  lead,  and  pewter,  to  the  amoS 
hntP^  li-"'  ■  ^i^*^^  "^"'^  *^  ^'^^l^^'i  i«  attested  in  a  work  attri- 
buted to  him  on  the  Transmutation  of  Metals,  though  it  is  not  clear 
whether  he  came  at  the  intercession  of  Edward  I.  or  II.  That  he  was 
employed  m  refining  gold  and  in  coining,  "in  the  chamber  of  St.  Kathe- 
^^I'J"^,  ^-  T""'  I'easonable  enough;  and  rumour  may  have  as- 
signed to  him  the  possession  of  the  grand  secret,  which  he  did  not 
coDtraaict.  He  left  many  learned  works,  among  which  were  treatises 
on  physics,  astronomy,  medicine,  and  chemistry. 

From  this  it  is  inferred  that  Lully  lived  in  the  Hospital  of 
bt.  Katherine,  so  as  to  be  near  the  Mint-works  in  the  Tower. 
In  the  rose-nolle  the  image  of  the.  sun,  surmounted  by  the 
mystical  flower,  as  well  as  the  inscription  on  the  obverse,  "Jesus 
autem  transiens  per  medium  illorum  ibat,"  must,  according  to 
the  adepts,  be  considered  as  denoting  the  art  which  formed 
the  precious  metal.  Lully  was  hospitably  received  by  Abbot 
Cremer  in  the  Abbey  at  Westminster;  and  many  years  after 
his  decease,  a  little  chest,  tilled  with  the  powder  of  transmuta- 
tion, was  found  in  the  cell  which  he  had  inhabited.  Lully  had 
refused  to  make  any  more  money  for  the  king,  who  had  broken 
the  condition — that  it  should  be  employed  in  making  war  upon 
infidels  and  unbelievers ;  whereas  Edward  had  spent  the  sup- 

•  Amalgam,  a  compound  of  two  or  more  metals,  of  which  one  is  always  mer 
curj-  ;  which  circumstance  distinguishes  au  amalgam  from  a  mere  alloy. 
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plies  in  his  wars  with  the  Scots.    In  the  dispute  which  fol- 
FowXtho  king  waxed  wroth  and,  as  Ashmole  re^^^^^^^^^^^ 
LuUy  in  the  Tower,  where  he  remained  for  a  long  time,  ana 
at  length  escaped  in  the  disguise  of  a  leper. 

THE  philosopher's  STONE, 

In  the  thirteenth  century  arose  for  the  first  time  the  idea 
that  the  Philosopher's  Stone  had  the  power  of  healing  disease 
and  of  restoring  youth.    This  idea  was  developed  from  the 
opinion  that  the  vital  process  was  nothing  else  than  a  chemica 
process.    With  the  Philosopher's  Stone  it  was  possible  to  heal 
metals  of  their  maladies,  to  render  them  healthy,  and  convert 
them  into  gold  ;  and  the  idea  that  it  must  have  a  like  ettect 
upon  the  human  body  naturally  suggested  itself.  Ilollandus, 
in  his  Opus  Saturni,  says  of  the  healing  virtues  of  the  Stone  : 
«  A  portion  of  it,  the  size  of  a  grain  of  wheat,  should  be  laid  in 
wine,  and  then  given  to  the  patient.    The  action  of  the  wme 
will  penetrate  to  the  heart,  and  spread  itself  through  aU  the 
juices.    The  patient  wHl  sweat,  and  therefore  become  not 
more  weary,  but  even  stronger  and  more  cheerful.    Ihis  dose 
should  be  repeated  every  ninth  day,  when  the  pauent  shall 
think  he  is  no  longer  a  man,  but  a  spirit.    He  shall  feel  as  it 
he  were  nine  days  in  Paradise,  and  living  on  its  fruits.  bolo- 
mon  Trimousin  maintains  that,  when  an  old  man,  he  renewed 
his  youth  by  means  of  a  grain  of  the  Philosopher's  Stone  !  llis 
yellow  wrinkles  became  smooth  and  white,  his  cheeks  rosy, 
his  gray  hairs  black,  his  back,  bowed  with  age,  became  erect. 
He  restored,  as  he  asserts,  perfect  youthfulness  to  ladies  ninety 

years  of  age !  .  u  •  u 

This  was,  however,  the  abuse  of  the  preeminence  which 
the  scientific  men  of  that  early  age  had  obtained.    "  The  ex- 
pectations of  the  alchemists  to  find  a  Universal  Medicine  were 
not  altogether  irrational  and  useless.    The  success  of  the 
Arabian  physicians  in  the  use  of  mercurial  preparations  natur- 
ally led  to  the  belief  that  other  medicines  still  more  general  m 
their  healing  powers  might  yet  be  brought  to  light ;  and  we 
have  no  doubt  that  many  important  discoveries  were  the  result 
of  such  over-strained  expectations ;  but  when  the  alchemists 
pretended  to  have  obtained  such  a  medicine,  and  to  have  con- 
ferred longevity  by  administering  it,  they  did  equal  violence  to 
reason  and  to  truth.  "—^SiV  D.  Brewster. 

In  all  metals  (says  Liebig),  according  to  the  creed  of  the  alchemists, 
there  is  contained  a  principle  which  gives  to  them  the  metallic  charac- 
ter. This  is  the  mercury  of  the  adepts.  To  increase  the  proportion  of 
this  principle  in  the  baser  metals,  is  to  ennoble  them.  If  we  extract 
this  metallic  principle  from  any  body  or  metal,  if  we  increase  its  power 
by  refining  it,  and  thus  produce  the  quintessence  of  all  melaUicity  (to 
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coin  a  word),  we  have  the  Stone,  which,  when  made  to  act  on  base  or 
unripe  metals,  matures  and  ennobles  them.  The  mode  of  action  of  the 
Fhdosopher's  Stone  was  considered  by  many  as  analogous  to  that  of  a 
ferment.  "  Does  not  yeast  change  the  juice  of  plants  or  a  solution  of 
sugar,  by  a  new  arrangement  of  their  pai-ticles,  into  the  youth-giving 
and  mvigorating  water  of  life  (aq%M  vita,  alcohol)  ?  Does  it  not  effect 
the  expulsion  of  all  impurities  ?  Does  not  a  ferment  (sour  dough)  con- 
vert flour  miono\xvx9hvaghYQa,Ar'— George Rippel,  15th century. 

m  its  utmost  perfection,  as  the  universale,  one  part,  according  t^ 
Roger  Bacon,  sufficed  to  transmute  a  million  parts,  according  to  Eay- 
mond  Lully,  a  thousand  billions  of  parts,  of  a  base  metal  into  gold 
Accordmg  to  Basil  Valentine,  the  power  of  the  Philosopher's  Stone 
extends  only  to  seventy  parts  ;  and  Dr  Price,  the  last  alchemist  and 
gold-maker  of  the  eighteenth  century,  describes  it  as  transmuting  only 
from  thirty  to  sixty  parts  of  base  metal.— LieUg' s  Familiar  Letters  on 
Cliernistry. 

The  preparation  of  the  Philosopher's  Stone  is  thus  briefly- 
given  by  Isaacus  HoUandus  :  From  the  adamite  earth— virgin 
earth — to  be  found  every  where,  but  on  certain  conditions 
known  to  the  initiated  alone,  "  the  philosopher  obtains,  first, 
the  mercury  of  the  adepts,  which  dififers  from  the  ordinary 
quicksilver,  and  is  the  quintessence — the  first  condition — of  the 
creation  or  procreation  of  all  metals.  To  this  is  added  philoso- 
phical gold,  and  the  mixture  is  left  for  a  long  time  in  an  incu- 
batory, or  brooding  furnace,  which  must  have  the  form  of  an 
egg.  There  is  thus  obtained  a  black  substance,  the  raven's 
head,  or  capict  corvi,  which,  after  long  exposure  to  heat,  is  con- 
verted into  a  white  body.  This  is  the  white  swan,  cygnv^ 
alius.  After  this  has  been  long  and  more  fiercely  heated,  it 
becomes  yellow,  and  finally  bright  red,  and  now  the  great  work 
is  consummated." 

Yet,  although  the  existence  of  the  Stone  was  regarded  for 
centuries  as  an  established  truth,  no  one  possessed  it ;  each 
adept  only  maintaining  that  it  was  in  the  possession  of  another. 

EOGEE  BACON. 

One  of  his  contemporaries,  Roger  Bacon,  possessed  a  much 
greater  mind  than  LuUy;  and  although  he  believed  in  the  pro- 
duction of  the  Philosopher's  Stone,  and  wrote  a  Mirror  of  Al- 
chemy, he  made  its  study  secondary  to  other  pursuits  after 
universal  knowledge :  indeed,  his  astrology  and  alchemy  are 
usually  called  the  two  great  blots  on  his  character.  He  is  the 
"  Friar  Bacon"  of  the  story-books  ;  and  the  circumstance  of  his 
being  a  Franciscan  destined  him  to  many  years'  persecution  on 
account  of  his  discoveries  during  his  lifetime,  and  to  the  low 
reputation  of  being  an  impostor  for  centuries  after  his  death. 
But  he  was  not  only  the  gi-eatest  man  of  his  time,  but  was  many 
centuries  in  advance  of  his  age.  He  was  born  about  1214,  and 
was  educated  at  that  seat  of  early  science,  Lterton  College,  Ox- 
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ford.  "Neglecting  common  opinion,"  he  studied  physiology, 
mathematics,  and  chemistry ;  spent  ten  years  on  geometry,  and 
ten  others  on  the  cognate  sciences;  while  he  laid  out  2000/5., 
an  enormous  sum  in  those  days,  in  the  purchase  of  books,  the 
construction  -of  instruments,  and  the  training  up  of  young 
scholars  to  assist  him  in  working  out  his  calculations.  Bacon 
then  became  a  Franciscan.  The  order  at  first  felt  proud  of  pos- 
sessing the  greatest  scholar  in  Christendom  ;  but  the  monks  soon 
grew  jealous,  and  he  was  forbidden  to  teach,  or  even  to  study, 
until  Clement  IV.  overruled  the  friars,  and  Bacon  soon  pro- 
duced his  Opus  Majus^  the  first  portion  of  a  work  to  convey  the 
totality  of  science.  This  was  succeeded  by  two  other  treatises, 
the  Opus  Minus  and  the  Opus  Tertium.  After  Clement's  death, 
Bacon's  order  again  imprisoned  him  on  account  of  "  some  sus- 
pected novelties;"  he  lived  until  1292  ;  but  his  enemies  still 
feared  him,  and  his  manuscripts  were  locked  up  by  the  monks, 
and  left  to  be  eaten  by  insects  ! 

Bacon  was  a  great  founder  of  physical  science  by  his  wise 
doubts  and  reverence  for  facts.  He  speaks  of  experimental  phi- 
losophy as  more  perfect  than  all  the  natural  sciences ;  *'  for  it 
teaches  us  to  test  by  trial  the  noble  conclusions  of  all  the  sci- 
ences, which,  in  the  others,  are  either  proved  by  logical  ai-gu- 
ments  or  are  examined  on  the  imperfect  evidence  of  nature  ; 
and  this  is  its  prerogative."  As  a  workman  in  the  laboratory, 
and  with  lenses,  he  himself  discovers  the  history  of  explosive 
compounds,  confirms  the  properties  of  burning-glasses,  and  the 
principle  of  the  camera.  His  knowledge  of  medicine  even  ex- 
tended to  dietetics.  In  physical  science  he  almost  predicts 
the  steam-boat  and  the  railway-engine  and  the  beam-bridge ; 
Bacon  believing  that  "  engines  of  navigation  may  be  made 
without  seamen,  so  that  the  greatest  river  and  sea  ships,  with 
only  one  man  to  steer  them,  may  sail  swifter  than  if  they  were 
fuUy  manned.  Moreover  chariots,"  he  thinks,  "  may  be  made 
so  as  to  be  moved  with  incalculable  force  without  any  beast 
drawing  them. "  "And  such  things  might  be  made  to  infi- 
nity, as,  for  instance,  bridges  to  traverse  rivers  without  pillars 
or  any  buttress."  Although  in  these  instances  Bacon  may 
have  been  rather  a  prophet  than  a  teacher,  he  is  admitted  to 
have  been  by  far  the  truest  philosopher  of  the  middle  ages.  One 
of  the  charges  made  against  him  was  that  of  practising  magic, 
which  was  then  frequently  brought  against  those  who  studied 
the  sciences,  and  particularly  chemistry.  Yet  in  his  tract 
De  Nullitate  Magics  Bacon  declares  that  experimental  science 
enables  us  to  investigate  the  practices  of  magic,  not  with  the 
intent  of  confirming  them,  but  that  they  may  be  avoided  by 
the  philosopher.  Even  his  astrology  and  alchemy  are,  when 
considered  by  t<he  side  of  a  later  age,  ii-rational  only  because 
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unproved;  and  neither  impossible,  nor  unworthy  of  the  inves- 
tigation of  a  philosopher  in  the  absence  of  preceding  experi- 
ments. 

ARNOLD  DE  VILLENEUVE. 

Somewhat  later  than  LuUy  lived  Arnold  de  Villeneuve,  born 
in  1240,  and  who  was  not  only  an  alchemist,  but  an  astrologer 
and  magician,  a  physician,  and  well  skilled  in  the  sciences  of 
his  time.  His  Rosarium  is  a  compendium  of  the  alchemy  of 
his  day  :  the  second  part  professes  to  treat  of  the  making  of  the 
Philosopher's  Stone,  but  is  quite  unintelligible.  Like  his  pre- 
decessors, he  considered  mercury  as  a  constituent  of  metals, 
and  professed  that  he  could  increase  the  Philosopher's  Stone  at 
pleasure.  He  and  Lully  inspired  men  of  all  ranks  with  a  taste 
for  alchemy ;  among  whom  was  Pope  John  XXII.,  who  professed 
and  described  the  art  of  transmuting  metals,  and  boasted  that 
he  had  made  200  ingots  of  gold,  each  weighing  100  pounds ! 

ALCHEMISTS  OF  THE  14TH  AND  15TH  CENTURIES. 

The  fourteenth  century  produced  many  alchemists  ;  but  the 
fifteenth  century  was  still  more  productive  in  adepts — a  term,  by 
the  way,  wliich  has  passed  from  the  technology  of  alchemy  to 
that  of  chemistry,  and  thence  into  our  language  to  denote 
persons  completely  skilled  in  the  secrets  of  art.  About  1408 
flourished  two  kinsmen  named  HoUaudus,  who  wrote  several 
treatises  on  chemistry  remarkable  for  clearness  and  precision  ; 
Boerhaave  considered  the  kinsmen  skilful  chemists. 

In  England,  a  legislative  blow  was  aimed  at  Alchemy  in 
1404,  when  an  Act  of  Parliament  was  passed  declaring  the  mak- 
iug  of  gold  and  silver  to  be  felony.  This  shows  the  general  belief 
in  the  art.  since  the  law  arose  from  the  fear  that  some  fortunate 
alchemist  stiould  succeed  in  his  project,  and  thus  bring  ruin  on 
the  State.  This  alarm  soon  subsided;  for  in  1455  Henry  VI., 
by  advice  of  his  council  and  parliament,  gi-anted  patents  and 
commissions  to  several  knights,  citizens  of  London,  chemists, 
monks,  mass-priests,  and  others,  to  find  out  the  Philosopher's 
Stone  and  Elixir,  "to  the  great  benefit,"  said  the  patent,  "  of 
the  realm,  and  the  enabling  of  the  king  to  pay  all  the  debts  of 
the  Crown  in  real  gold  and  silver."  No  gold,  of  course,  was 
ever  made.  The  king  appointed  a  commission  to  inquire  whe- 
ther the  transmutation  of  metals  were  practicable ;  but  their 
report  is  not  extant. 

In  this  reign,  at  the  east  end  of  the  road  subsequently  known 
as  Pall  Mall,  stood  a  large  low  Gothic  building,  called  the  Rook- 
ery, belonging  to  the  monks  of  Westminster.  At  the  Refor- 
mation, when  this  building  was  demolished,  there  is  a  tradition 
that  in  a  corner  of  an  inner  apartment  the  remains  of  a  smithy 
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were  found,  with  a  timber  roof  thickly  incrusted  with  bitu- 
minous  smoke.  This  smithy  or  forge  was  reputed  to  have  been 
erected  by  order  of  Henry  VI.,  that  he  might  there  attempt 
to  replenish  his  empty  coflfers  by  alchemy  :  the  record  of  this 
proposition  contains  solemn  asseverations  of  the  feasibility  and 
virtue  of  the  Philosopher's  Stone  ;  and  the  document  is  presumed 
to  have  been  communicated  by  Selden  to  his  friend  Ben  Jonson, 
when  he  was  writing  his  comedy  of  the  Alchemist,  which,  like 
Albumazar  (in  Dodsley's  collection),  satirises  pretended  adepts. 
Upon  the  site  of  the  smithy  in  Pall  Mall  was  built  the  first 
Carlton  House. 

GEORGE  EIPLEY. 

In  the  succeeding  reign,  George  Ripley,  the  canon  of  Brid- 
lington in  Yorkshire,  pretended  to  have  discovered  the  secret. 
He  wrote  the  Medulla  Alchymioe  ;  and,  in  rugged  rhyme,  The 
Compound  of  Alchemy ;  or,  the  Twelve  Gates  leading  to  the  Dis- 
covery of  tfie  Philosopher'' s  Stone,  which  was  dedicated  to  Ed- 
ward IV.  These  gates  Ripley  described  to  be  "  calcination, 
solution,  separation,  conjunction,  putrefaction,  congelation, 
cibation,  sublimation,  fermentation,  exaltation,  multiplication, 
and  projection."  He  left  a  few  other  compositions  on  Alchemy, 
which  were  printed  by  Ashmole.  "They  have  no  other  merit 
(says  Warton)  than  that  of  serving  to  develop  the  history  of 
chemistry  in  England."  Ripley  is  said  to  have  been  born  at 
Boston,  by  others  at  Ripley  in  Yorkshire.  His  discovery  of  the 
Stone  is  dated  1470.  Selden  says:  "Ripley,  the  alchemist, 
when  he  made  gold  in  the  Tower,  the  first  time  he  found  it, 
spoke  these  words,  ' '  per  medium  eorum,  that  is,  per  medium 
ignis  et  svlphuris."  He  turned  Carmelite  at  St.  Botolph's  iu 
Lincolnshire,  and  died  an  anchorite  in  that  fraternity,  in  1490. 
(Thompson's  History  and  Antiquities  of  Boston,  1856.)  Ripley 
appears  to  have  repented  of  his  wasted  life,  to  have  acknow- 
ledged that  his  studies  were  nothing  worth,  and  requested  that 
all  men,  when  they  met  with  any  of  his  books,  would  hum 
ihem,  or  afford  them  no  credit,  as  they  were  "  false  and  vain." 
Such  is  the  statement  of  Fuller,  in  his  Worthies  of  England. 

BASIL  VALENTINE. 

Basil  Valentine,  a  Benedictine  monk  of  Erfurt  in  Germany, 
born  about  the  end  of  the  14th  century,,  was  the  next  famous 
professor  of  the  hermetic  philosophy,  and  was  likewise  a  skilful 
experimentalist  in  chemistry.  He  was  of  opinion  that  the 
metals  were  compounds  of  salt,  sulphur,  and  mercury ;  and  that 
the  Philosopher's  Stone  was  composed  of  the  same  ingredients. 
He  was  acquainted  with  many  of  the  properties  of  several 
metals,  and  with  the  effects  of  their  chemical  agency.    He  first 
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introduced  antimony  into  medicine,  and  knew  most  of  the  pre- 
parations of  it  which  at  present  exist  in  the  pharmacopoeias  of 
Europe.  In  his  famous  Curries  Triumphalis  Antimonii,  he  says  : 
"Antimony,  like  unto  mercury,  may  fitly  be  compared  to  a 
round  circle,  of  which  there  is  no  end  ;  in  which  the  more  dili- 
gently any  man  seeks,  the  more  he  finds,  if  process  be  made  by 
him  in  a  right  and  due  order.  Fet  the  life  of  no  one  man  is 
suficient  for  him  to  learn  all  the  mysteries  thereof."  With  what 
astonishment  would  Basil,  if  he  could  revisit  the  earth  for  half 
an  hour,  hear  of  antimonious,  antimonic,  and  mctantimonic 
acids ;  of  antimoniuretted  hydrogen,  penta-sulphide  of  anti- 
mony, stibio-methyle,  stibio-ethyle,  and  the  like.  The  coaches 
of  his  day  did  not  differ  more  from  the  railway-carriages  of 
ours  than  his  '*  Currus  Triumphalis"  does  from  such  a  Tri- 
umphal Chariot  of  Antimony  as  Hofmann,  if  he  chose,  could 
mount  upon  literary  wheels  at  the  present  day.  Yet  Hofmann 
could  find  no  better  motto  to  put  upon  the  panel  of  his  chariot 
than  Basil's  words,  "  No  one  knows  all  the  virtues  of  Anti- 
mony ;"  and  I  may  add  (says  Dr.  "Wilson),  no  man  ever  will ; 
nor  is  the  chemist  better  oiF  in  respect  to  other  things  than  he 
is  in  respect  to  Valentine's  favourite  metal.*  His  works  con- 
tain the  first  accurate  mention  of  the  nitric,  muriatic,  and  sul- 
phuric acids,  with  intelligible  directions  for  preparing  them ; 
and  he  was  acquainted  with  a  very  considerable  number  of 
metallic  salts  and  compounds. 

AGRIPPA. 

Cornelius  Agi'ippa,  born  in  Cologne  in  1486,  began  in  his 
youth  the  study  of  chemistry  and  philosophy ;  and  at  the  early 
age  of  twenty  was  so  famous  an  alchemist  that  the  principal 
adepts  of  Paris  invited  him  to  settle  in  France,  and  aid  them 
with  his  experience  in  discovering  the  Philosopher's  Stone. 
He  was  professedly  a  physician ;  but  allowed  himself  to  be 
regarded  as  an  alchemist,  an  astrologer,  and  even  as  a  prac- 
titioner of  magical  arts.    He  died  in  poverty  in  1535. 

PAEACELSUS. 

Paracelsus,  "the  zenith  and  rising  sun  of  all  the  alchemists," 
was  born  near  Zurich  at  the  close  of  the  fifteenth  century. 
He  was  early  initiated  into  the  secrets  of  astrology  and  al- 
chemy by  his  father,  who  was  a  physician,  and  by  the  Abb6 
Trithreim.  He  passed  his  youth  in  visiting  mines,  curing 
diseases,  foretelling  the  future,  and  seeking  the  Philosopher's 
Stone.  He  is  said  to  have  learned  a  few  secrets  of  alchemy 
from  some  Tartars,  by  whom  he  was  made  prisoner  in  Poland  ; 
and  he  obtained  some  further  mysteries  in  a  journey  to  Egypt. 

*  From  Dr.  George  Wilson's  admirable  Essay  on  Chemical  Final  Causes 
{Edinburgh  Essays,  1856). 
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He  read  little,  but  talked  and  listened  to  all  classes.  Alchemy 
was  at  this  time  faUing  into  discredit,  when  Paracelsus  under- 
took to  revive  and  rehabiUtate  the  study.  In  1526  he  returned 
to  Switzerland,  where  a  lucky  and  striking  cure  led  to  his 
being  appointed  Professor  of  Physic  and  Surgery  at  Basle.  He 
there  set  himself  in  opposition  to  all  doctors,  past  and  present, 
when  the  students  joined  him  in  his  attack  upon  the  bchools, 
and  burned  the  writings  of  Hippocrates,  Galen,  and  Avicenna  m 
the  very  coui-t  of  the  University.  Some  lucky  cures  conhnned 
his  reputation,  but  it  lasted  only  a  short  time.^  He  flew  to  dis- 
sipation, became  a  wandering  quack,  and  died  in  his  torty- 
eighth  year.  As  a  medical  reformer,  he  propounded  a  novel 
and  striking  Physiology.  Nevertheless  he  broke  down  m  his 
two  great  pretensions  ;  for  this  boasted  possessor  of  the  Philo- 
sopher's Stone  and  the  Elixir  of  Life  died  in  poverty  at  an 
early  age.  His  discoveries  were,  however,  important.  To 
him  we  owe  the  idea  of  employing  poisons  as  medicines ;  he 
made  known  to  Europe  various  preparations  of  antimony,  mer- 
cury, iron,  &c. ;  he  employed  preparations  of  lead  for  diseases 
of  the  skin,  and  first  used  copper,  arsenic,  and  sulphunc  acid 
as  medicaments.  '*  The  vaunts  of  Paracelsus  of  the  power  of 
his  chemical  remedies  and  elixu"s,  and  his  open  condemnation 
of  the  ancient  pharmacy,  backed  as  they  were  by  many  sur- 
prising cures,  convinced  all  rational  physicians  that  chemistry 
could  furnish  many  excellent  remedies  unknown  till  that  time. 
A  number  of  valuable  experiments  began  to  be  made  by  physi- 
cians and  chemists;  and  the  chemical  and  metallurgic  arts, 
exercised  by  persons  empirically  acquainted  with  the  secrets, 
began  to  be  seriously  studied,  with  a  view  to  the  acquisition  of 
rational  and  useful  knowledge." 

Paracelsus  therefore  gave  a  most  important  turn  to  phar- 
maceutical chemistry ;  and  calomel,  with  a  variety  of  mercu- 
rial and  antimonial  preparations,  as  likewise  opium,  thence- 
forth came  into  general  use.  He  had  learned  the  properties  of 
opium  from  Turkey  ;  the  physicians  of  his  time  being  afraid  of 
this  drug  as  "  cold  in  the  fourth  degree."  Tartar  was  like- 
wise a  great  favourite  of  Paracelsus,  who  gave  it  that  name, 
"  because  it  contains  the  water,  the  salt,  the  oil,  and  the  acid 
which  burn  the  patient  as  hell  (Tartarus)  does."  Such  was 
the  influence  of  Paracelsus,  that  a  sect  of  Paracelsists  sprang 
up  in  France  and  Germany  to  perpetuate  his  extravagant  doc- 
trines, and  the  term  Paracelsic  was  afterwards  applied  to  the 
vocabulary  of  alchemists.  His  magical  doctrine  appears  to 
have  been  founded  upon  the  supposed  existence  of  the  Philoso- 
pher's Stone.  He  maintained  that  the  Bible  was  the  key  to 
the  theory  of  all  diseases,  and  that  the  Apocalypse  shows  the 
signification  of  modem  medicine.    The  man  who  could  identify 
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himself  with  the  celestial  intelligences  possessed  the  Philoso- 
pher's Stone,  he  could  cure  all  diseases,  and  prolong  life  as 
many  centuries  as  he  pleased  ;  it  being  by  the  very  same  means 
that  Adam  and  the  antediluvian  patriarchs  prolonged  theirs, 
lu  the  stomach  of  every  man  there  dwelt  a  demon,  or  intelli- 
gence, that  was  a  sort  of  alchemist,  and  mixed  in  their  due  pro- 
portions, in  his  crucible,  the  various  aliments  that  were  sent 
into  that  grand  laboratory  the  belly,  Paracelsus  was  proud  of 
the  title  of  magician,  and  advocated  potable  gold  and  the 
Elixir  of  Life.  He  imagined  that  gold  could  cure  the  ossification 
of  the  heart,  and,  in  fact,  all  diseases,  if  it  were  gold  which  had 
been  transmuted  from  an  inferior  metal  by  means  of  the  Phi- 
losopher's Stone,  and  if  it  were  applied  under  certain  conjunc- 
tions of  the  planets.  Thus  we  see  that  his  application  of  the 
Stone  was  to  the  curing  of  diseases. 

BAPTISTA  POETA. 
Porta,  in  the  book  of  his  Natural  Magic  which  he  devotes 
to  "Alchemy,"  is  strangely  inconsistent.  He  acknowledges 
that  he  neither  promised  the  Stone  nor  the  Elixir,  wliich  are 
mere  dreams.  He  commends  Dioclesian  for  having  destroyed 
the  treatises  on  Alchemy ;  and  agrees  with  Demetrius  Phale- 
reus,  "  that  what  the  alchemists  should  have  gotten,  they  got 
not ;  that  what  they  had,  they  lost ;  and  the  transmutation 
which  they  sought  took  place,  not  in  the  metal  in  their  fur- 
naces from  lead  to  gold,  but  in  their  own  circumstances  from 
good  to  bad."  Yet,  in  the  very  next  chapter,  Porta  treats 
"  of  tin,  and  how  it  may  be  converted  into  a  worthier  metal ;" 
and  he  even  tells  us  how  to  change  silver  into  gold,  though 
sometimes  he  seems  to  consider  his  recipes  as  genuine,  and  at 
other  times  as  clever  impositions.  He  next  treats  of  counter- 
feiting precious  stones,  not  by  solution  and  recrystallisation, 
but  by  colouring  glass,  and  putting  coloured  foil  imder  the 
setting. 

ALCHEMISTS  AND  COINERS. 

In  the  reign  of  Elizabeth,  certain  persons  who,  by  the  prac- 
tice of  Alchemy,  proposed  to  add  to  or  imitate  the  Queen's- 
coin,  were  committed  prisoners  to  the  Tower  of  London. 

"  The  chief  of  these  was  Cornelius  de  Launoy,  an  alchemist, 
who  gravely  proposed  to  the  Queen  to  put  in  operation  the 
"Wonderful  Elixir,  and  to  make  any  metal  into  gold  and  gems. 
He  so  far  succeeded  with  her  as  to  be  allowed  to  carry  on  his 
works  at  Somerset  House.  Of  course  he  failed :  on  being  re- 
ported to  have  greatly  abused  the  Queen's  confidence,  he  was 
committed  to  the  Tower  in  1566,  where  he  still  professed  to  be 
able  to  perfect  his  experiments,  had  it  not  been  for  the  ob- 
stacles thrown  in  his  way. 
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«*  In  July  1570,  two  other  alchemists,  who  had  been  in- 
clined to  practise  on  their  own  account,  were  also  favoured 
with  an  asylum  here :  they  were  John  Bulkeley,  a  student  at 
Oxford,  and  William  Bedo,  a  stationer,  who  proposed  to  cast  a 
figure  for  the  recovery  of  lost  money,  and  professed  to  have 
many  alchemical  secrets  for  diminishing  and  lessening  the  coin 
of  the  realm  by  sweating,  &c."— i/".  If.  Durrant  Cooper,  Ar- 
chceologia,  vol.  xxxvii. 

DEE  AND  KELLY. 

Dr.  Dee,  and  his  assistant  Edward  Kelly,  were  more  noto- 
rious as  practitioners  of  magic  than  of  alchemy.  Dee,  when  at 
Cambridge,  quitted  the  mathematics  and  the  pursuits  of  true 
philosophy  for  alchemy,  astrology,  and  magic,  and  thereby 
rendered  himself  obnoxious  to  the  authorities  of  the  University. 
He  was  suspected  of  sorcery ;  and  to  avoid  persecution,  he  fled 
to  Louvain,  where  many  followers  of  Cornelius  Agrippa  encour- 
aged him  to  give  himself  up  to  the  search  for  the  Philosopher's 
Stone.  Upon  his  return  to  England,  he  settled  in  London  as  an 
astrologer,  casting  nativities,  telling  fortunes,  and  pointing  out 
lucky  and  unlucky  days.  lie  was  charged  with  attempting  Queen 
Mary's  life  by  means  of  enchantment,  and  narrowly  escaped 
burning  in  Smithtield.  Though  Dee  lived  by  astrology,  his  heart 
was  in  alchemy.  He  deeply  studied  the  Talmudic  mysteries, 
and  believed  that  he  might  hold  converse  with  spirits  and 
angels,  and  learn  from  them  all  the  mysteries  of  the  universe. 
He  persuaded  himself  that  an  angel  appeared  to  him,  and  gave 
him  a  crystal,  in  which  spirits  would  appear  to  him  ;  and  he 
similarly  employed  a  "  show-stone,"  a  piece  of  polished  cannel- 
coal.  He  then  employed  Kelly  to  take  down  in  writing  the  re- 
velations he  received  from  the  spirits  ;  but  the  man  was  much 
more  of  an  impostor  than  his  master.  Meanwhile  Dee,  who 
had  enjoyed  the  favour  of  the  Princess  Elizabeth,  was  coun- 
selled by  him  as  to  her  coronation-day,  and  Elizabeth  supported 
him  when  queen  :  she  consulted  him  at  his  house  at  Mortlake 
upon  state  matters,  and  thither  crowds  flocked  to  have  their 
nativities  cast.  He  pretended  to  have  found  a  vial  of  Elixir 
Vitce  among  the  ruins  of  Glastonbury  Abbey ;  but  he  is  stated 
to  have  spent  so  much  in  drugs  and  metals  to  work  out  his 
transmutations  that  he  never  became  rich.  He  made  a  long 
tour  on  the  Continent,  and  gained  dupes  even  among  crowned 
heads  :  while  there,  he  sent  to  Queen  Elizabeth  a  round  piece 
of  silver,  which  he  pretended  he  had  made  of  a  portion  of  brass 
cut  out  of  a  warming-pan.  At  length  he  parted  with  Kelly;  and 
thrown  upon  his  own  resources,  began  in  earnest  to  search  for 
the  Philosopher's  Stone :  he  worked  incessantly  among  his 
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furuacee,  retorts,  and  crucibles  ;  he  consulted  his  crystal.*  But 
having  parted  with  Kelly,  who  had  been  the  main-spiiug  of  the 
imposition,  the  spirits  would  not  appear  ;  he  tried  other  help- 
mates, but  without  success ;  he  could  get  no  information  on 
the  Stone  or  Elixir,  and  so  fell  into  want.  During  his  absence 
from  England,  a  mob  had  pillaged  his  house  at  Mortlake,  and 
had  burnt  his  books,  and  destroyed  his  instruments  and  curi- 
osities in  his  museum,  accusing  him  of  being  a  necromancer 
and  wizard.  For  this  damage  he  claimed  compensation,  but 
received  only  small  sums  from  the  Queen.  He,  however,  was 
subsequently  appointed  Warden  of  the  College  at  Manchester, 
which  post  he  resigned  in  seven  years,  and  then  returned  to 
Mortlake,  where  he  died  in  poverty  in  1608,  and  was  buried  in 
Mortlake  church.  Dee  had  a  son,  Arthur,  whom  he  employed  as 
a  skryer,  or  inspector  of  his  magical  glass,  when  he  was  a  boy.  He 
wrote  a  tract  on  Alchemy,  or  the  Hermetic  Science,  published 
in  1631. 

SIE  THOMAS  BEOWNE  AND  THE  ALCHEMISTS. 

Sir  Thomas  Browne,  in  letters  to  Lilly  and  Ashmole,  bears 
testimony  most  unequivocally  to  the  sincerity  of  Dr.  Arthur 
Dee's  belief  in  the  power  of  alchemy  to  transmute  the  baser 
metals  into  gold  and  silver,  which  he  assured  Sir  Thomas  he 
had  "  ocularly,  undeceivably,  and  frequently"  beheld.  He 
was  even  on  the  point  of  going  to  the  Continent  in  pursuit  of 
such  riches,  had  not  the  death  of  the  artist,  with  whom  he  was 
about  to  hazard  his  property,  most  opportunely  prevented  him. 
Sir  Thomas  had  also  another  zealous  alchemist  among  his  cor- 
respondents, in  the  person  of  Sir  Robert  Paston,  with  whom  he 
communicated  from  1663  to  1672,  principally  on  experiments 
which  Sir  Robert  was  making  in  alchemy.  But  Browne  him- 
self did  not  place  any  reliance  upon  alchemical  studies,  which, 
however,  he  regarded  as  the  cradle  of  chemistry. 

SEEVICES  OF  ALCHEMY  TO  MEDICINE. 

The  Pharmacopoeia  of  the  Galenical  school  contained  no 
chemical  preparations,  and  consisted  exclusively  of  organic 
substances  :  musk,  rhubarb,  castoreum,  camphor,  tamarinds, 
ginger,  zedoary  root,  and  the  like,  were  the  chief  remedies. 
Pharmacy  then  consisted  in  the  art  of  bringing  these  matters 
into  the  form  of  syrups  and  electuaries ;  herbs,  barks,  and 
roots  were  administered  in  the  form  of  decoctions  or  of  powders. 
On  the  authority  of  Galen,  all  metallic  preparations  were  up  to 
that  time  banished  from  the  Pharmacopoeia..  He  regarded 
mercurial  preparations  simply  as  poisons.    Avicenna,  it  is  true, 

*  See  the  account  of  Dee's  Crystal  in  Popular  Errors  Explained,  p.  143. 
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had  ascribed  to  gold  and  silver  powers  of  P^jifyi"^ 
Jut  these  metalsTas  a  general  rule,  were  used  only  m  the  form 
of  leaf  to  cover  pills  ;*  and  so  late  as  the  end  of  the  fatteentb 
century,  the  external  use  of  mercurial  ointments,  prepared  with 
fat,  encountered  the  fiercest  opposition. 

The  views  of  Galen  as  to  the  cause  of  disease  and  the  action 
of  remedies,  after  having  been  for  tliirteen  fnturies  regarded 
as  impregnable  truths,  in  the  sixteenth  century  yielded  to  the 
discovery  of  the  truly  wonderful  effects  of  the  preparations  of 
mercury,  antimony,  and  other  metals,  when  a  whole  region  of 
new  discoveries  seemed  to  be  opened  up  by  the  ideas  of  the 
alchemists,  and  by  the  use  of  chemical  preparations  m  medicine. 

THE  TWO  NAPIEKS,  ALCHEMISTS. 

Some  original  documents  among  the  family  archives  of 
Napier  of  Merchiston,  the  inventor  of  Logarithms,  prove  this 
great  philosopher  was  a  believer  in  the  doctrines  of  Uermes. 
One  of  these  documents  records,  on  Nov.  7,  1607,  Napier's  con- 
ference with  Mr.  Daniel  Muller,  Doctor  of  Medicine  and 
Student  in  Alchemy,  at  whose  bedside  Napier  declares  himsell 
to  have  been  many  years  a  very  earnest  student  m  alchemy  ; 
and  to  have  received  from  a  credible  friend,  whom  he  sent  to 
the  mines  of  Histria,  a  Venetian  province  at  the  top  of  the 
Adriatic,  "a  little  piece  of  the  earth  of  those  mines,  about  the 
quantity  of  a  hazel-nut,  which,  as  he  brake,  there  appeared 
scales  of  quicksilver  within  the  same,  and  the  crude  mercury 
flowed  forth  without  the  fire.  With  this  (says  Napier)  I  per- 
fected the  philosophical  work,  as  you  may  do  with  the  like;  for 
this  mercury,  being  taken  with. fine  silver  which  never  did  find 
fire,  and  enclosed  in  a  matrix,  will  become  black  within  the 
space  of  forty  days,  and  thereafter  will  become  white  :  and 
then  is  the  point  and  term  to  loose  it,  if  you  do  not  join  it  with 
fine  gold  that  never  did  find  the  fire,  when  instantly  that  which 
was  taken  of  mercury  and  luna  (or  silver)  will  devour  up  the 
gold  J  and  at  this  conjunction  or  fermentation  endeth  the  first 
■work,  called  opus  lunce  (the  silver  operation),  and  beginneth 
immediately  the  second,  called  opus  solis  (the  golden  operation). 

In  this  Of  ere  solis  your  work  becomes  blacker  than  in  opere  luna,  and 
then  white,  and  at  last  red. 

Both  these  works  are  performed  in  a  year,  to  wit,  two  rnonths  and  a 
half  in  opere  lunce,  and  nine  months  and  a  half  in  opere  solis. 

And  for  pondera  I  take  nine  of  crude  mercury  for  one  of  crude  Zmtio 
(or  silver),  and  this  I  conjoin  with  one  olsol  (or  gold)  in  secundo  opere. 

So  luna  is  the  medium  conjungendi ;  and  hereof  cometh  three  mer- 

•  The  arms  of  the  Medici  of  Florence  were  three  gilded  pills,  in  allusion  to 
the  professional  origin  of  their  name.  Indeed,  medical  signs  were  generally 
gilded;  as  the  Golden  Key,  Galen's  Heads,  and  the  Golden  Pestle  and  Mortar. 
We  remember  the  latter  sign  in  Pall  Mall,  at  the  house  next  to  which  lived  Dr. 
Sydenham.    The  Golden  Phcenix  is  directly  of  hermetic  origin. 

BECOMD  SERIES,  C 
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curies,  to  wit,  the  first,  which  is  mercurius  crudus,  and  is  called 


second,  is  called  mercurius  calidus,  mercurius  animalis. 

'Further,'  said  he  (Dr.  Muller),  '  the  little  cipher-table  entitled  "  Me- 
dulla Philosophise  Hermetica3,"  it  is  mine,  for  I  made  it.' 

Also  he  added  many  discourses,  citing  texts  out  of  Clangor  Buccinaj 
Marsilius,  Eipleus,  and  Arnoldus,  to  prove  the  premises,  and  especially 
'De  Terra  Nigra  Occulosa,  Terra  Hispanica,'  &c. 

Fiirther,  he  said  that  the  various-hued  glass  which  I  did  see  was  in 
that  manner,  throughout  all  its  texture,  coloured  with  the  stuff  which 
he  made  in  that  same  glass. 

Further,  he  spake  to  the  triplid  usu  lapidis,  after  Paracelsus  :  first 
in  transmutations  of  metals;  secondly,  in  curing  diseases;  and  thirdly  it 
is  lapis  divinus,  for  magical  uses.  ' 

Now  when  I  heard  these  things,  and  had  said  unto  him,  'My  lord, 
that  matter  is  marvellous,  if  you  be  sure  of  the  truth  thereof  by  prac- 
tice, '  he  answered,  with  earnestness,  '  In  truth  I  have  practised  it  to 
the  end,  and  made  projection,  and  found  it  tme.' 

Again,  when  I  demanded  of  him  how  it  fortuned  that  he  did  not 
multiply  his  stuff,  and  keep  the  same,  he  answered,  '  I  lacked  crude 
merc\iry,  without  which  it  cannot  be  multiplied  again. ' 

Upon  the  9th  of  November,  I  confen-ed  with  him  again  anent  some 
doubts,  quodfonstrahit  regem,  et  nonrexfontem,  and  so  dothaqua  regis; 
but  vulgar  mercury,  on  the  contrary,  non  irahit  solem,  sed  sol  eum!  He 
answered,  that  whatever  vulgar  mercury  or  crude  merciu-y  do,  yet  this 
mercury  philosophical,  of  crude  mercury  and  silver,  will  instantly  drink 
up  gold,  and  draw  it  in,  initio  secundi  opens.  Then  I  demanded  when 
should  the  second  work  begin,  and  what  was  the  sign  before  the  point 
of  danger  to  the  work.  He  answered,  that  after  perfect  whiteness  in 
opere  primo,  there  would  appear,  in  an  instant,  a  small  hair-like  circle 
surrounding  the  matter,  and  attached  to  the  sides  of  the  vessel ;  then  in- 
stantly ferment  with  gold,  and  it  will  presently  eat  up  all  the  gold,  and 
that  circle  will  vanish ;  but  if  you  stay  longer  in  fermenting,  the  work 
will  become  all  citrine,  and  more  di-y  than  it  can  dissolve  the  gold  ;  for 
the  gold  must  be  sown  in  terram  album  foliatam. 

Then  I  demanded  what  terra  alhafoliata  was.  He  answered,  that 
at  the  point  of  whiteness,  in  the  first  operation,  the  matter  of  mercurj' 
and  luna  became  Uke  the  small  scales  of  a  fish.  Then  I  remembered 
that  my  father  showed  me  that  he  made  a  work  which  became  terra 
alba  foliata,  most  Uke  the  leaves  of  a  book  set  on  edge,  ofso^,  luna, 
aqua  regis,  and  aquafortis. 

Thereafter,  about  the  15th  day  of  March  1608,  the  doctor  showed 
me  that  he  had  received  glad  tidings  of  the  safe  retiun  of  Lionel  Stru- 
thers,  his  said  fi-iend,  from  Histria,  to  England ;  and  he  showed  me  a 
certain  antique  figm-e,  with  certain  verses  of  congratulation  which  ho 
had  made,  and  was  sending  to  him  in  joy  of  his  safe  return. 

So,  within  ten  days,  he  came  to  Edinburgh  to  the  Doctor,  and  brought 
with  him  great  store  of  mineral  mercury,  which  never  had  felt  fire,  and 
some  unfined,  easy  to  be  wrung  out  from  his  ore.  The  Doctor  gave  me 
secretly  a  small  portion  both  of  the  one  and  of  the  other  ;  as  also  a  very 
small  part  of  luna  mineral  unfined ;  but  I  purchased  more,  both  of 
Scotch  and  Gei-man  luna.  As  for  sol  (gold)  mineral,  we  have  enough 
in  Scotland,  rests  time  and  opportunity  to  enterprise  the  work,  with  the 
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blessinff  of  God  to  perform  the  same,  to  his  glory  and  comfort  of  his 
SJr^antl  wSch  the  W^y  grant  to  us,  whose  holy  name  be  praised 
and  magnified  for  ever  and  ever.  Amen. 

From  another  Ms.  preserved  in  the  Napier  charter-chest, 
written  subsequently  to  the  death  of  the  inventor  of  logarithms 
by  his  younger  son,  Robert  Napier,  faith  m  alchemy  would  ap- 
pear to  have  been  on  the  increase.  The  son  had  toiled  far 
more  devotedly  than  his  somewhat  sceptical  father.  Kobert, 
by  extracting  the  marrow  of  all  the  hermetic  philosophers  and 
authors  who  preceded  him,  professed  to  bequeath  to  his  son  the 
grand  secret  itself!  It  is  written  throughout  m  Latin,  in  the 
preface  he  states : 

It  has  been  ordained  by  Divine  Providence  that  this  science  should 
be  transmitted  to  us  from  Hermes,  its  first  inventor,  down  even  to  these 
times,  a  period  of  nearly  four  thousand  years,  through  the  hands  of  tho 
learned— the  majesty  of  the  great  mystery  being  protected  m  a  caba- 
listic form  That  such  a  science  exists  has  also  been  made  known  to 
us  through  books ;  but  these,  for  the  most  part,  are  so  full  of  enigmas, 
allegories,  and  figures  of  speech,  nay  of  falsities,  mystifications,  and 
contradictions,  that  they  seem  rather  to  have  been  written  for  mislead- 
ing than  for  instructing.  Long  would  be  the  time,  and  weary  the  wan- 
dering in  error,  ere  this  divine  art  could  be  acquired  by  any  one  from 
the  books  of  the  philosophers,  without  a  faithful  guide. 

sm  ISAAC  Newton's  belief  in  alchemy. 

We  gather  from  a  chapter  in  Sir  David  Brewster's  Life  of 
Sir  Isaac  Newton  some  testimony  to  Sir  Isaac's  belief  in  Al- 
chemy, and  his  early  taste  for  practical  chemistry,  which  he 
doubtless  first  acquired  during  his  residence  with  Mr.  Clark 
the  apothecary  at  Grantham.  In  April  1669,  he  records  the 
purchase  in  London  of  "aqua  fortis,  sublimate,  oyle  pink, 
tine  silver,  antimony,  vinegar,  spirit  of  wine,  white  lead,  salt 
of  tartar,  $  ,  together  with  a  furnace  and  an  air-furnace." 

Sir  David  says,  "in  Newton's  chemical  studies  his  mind  was 
impressed  with  some  belief  in  the  doctrines  of  Alchemy,  and 
he  certainly  pursued  his  experiments  to  a  late  period  of  his 
life,  with  the  hope  of  effecting  some  valuable  transmutations." 
Among  the  subjects  which  he  requests  his  young  friend  Mr. 
Aston,  about  to  make  a  tour  on  the  Continent,  to  pay  atten- 
tion to,  there  are  several  which  indicate  this  tendency  of  New- 
ton's mind.  "  He  desires  him  to  observe  the  products  of  nature, 
especially  in  mines,  with  the  circumstances  of  mixing  and  of 
extracting  metals  or  minerals  out  of  their  ores,,  and  refining 
them ;  and,  what  he  considered  of  far  more  importance  than 
this,  he  wishes  him  to  observe  if  there  were  any  transmuta- 
tions out  of  one  species  into  another ;  as,  for  example,  out  of 
iron  into  copper,  out  of  one  salt  into  another,  or  into  an  in- 
sipid body,  &c.  Such  transmutations,"  he  adds,  "are  above  all 
others  worth  his  noting,  being  the  most  luciferous,  and  many 
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times  luciferous  experiments  too,  in  jMlosofhy ! "  He  also 
names  "a  certain  vitriol  which  changes  iroii  into  copper," 
and  which  is  said  to  be  kept  a  secret  for  the  lucrative  purposes 
of  effecting  that  transmutation.  He  is  to  inquire  also  whether 
in  Hungary,  or  in  the  mountains  of  Bohemia,  there  are  rivers 
whose  waters  are  impregnated  with  gold,  dissolved  by  some  cor- 
rosive fluid  like  aqua  regis  ;  and  whether  the  practice  of  lay- 
ing mercury  in  the  rivers  till  it  be  tinged  with  gold,  and  then 
separating  the  gold  by  straining  the  mercury  through  leather, 
be  still  a  secret  or  openly  practised.  There  was  at  this  time 
in  Holland  a  notorious  alchemist  of  the  name  of  Bory,  who,  as 
Sir  Isaac  says,  was  some  years  since  imprisoned  by  the  Pope, 
in  order  to  extort  from  him  secrets  of  great  worth  both  as  to 
medicine  and  profit,  and  who  made  his  escape  into  Holland, 
where  they  granted  him  a  guard.  "  I  think,"  adds  Sir  Isaac, 
"  he  usually  goes  clothed  in  green.  Pray  inquire  what  you 
can  of  him,  and  whether  his  ingenuity  be  any  profit  to  the 
Dutch  j  "  Whatever  were  the  results  of  Mr.  Aston's  inquiries, 
they  did  not  damp  the  ardour  of  Newton  in  his  chemical  re- 
searches, nor  extinguish  the  hope  which  he  seems  to  have 
cherished  of  making  "philosophy  luciferous  by  transmuting 
the  baser  metals  into  gold." 

The  Rev.  Mr,  Law  has  stated  that  there  were  found  among 
Sir  Isaac's  papers  large  extracts  out  of  Jacob  Behmen's  works, 
written  with  his  own  hand ;  and  that  he  had  learned  from 
undoubted  authority  that  in  a  former  part  of  his  life  he  was 
led  into  a  search  of  the  Philosopher's  Tincture  from  the  same 
author.  He  afterwards  stated  in  a  private  letter  that  his 
vouchers  are  names  well  known,  and  that  they  have  assured 
him  that  "  Sir  Isaac  was  formerly  so  deep  in  Jacob  Behmen, 
that  he,  together  with  Dr.  Newton,  his  relative,  set  up  furnaces, 
and  were  for  several  months  at  work  in  quest  of  the  Tincture. 
That  this  statement  is  substantially  true  is  proved  by  Dr. 
Newton's  own  letter,  in  which  he  says  :  '  About  six  weeks  at 
spring,  and  at  y^  fall,  y^  fire  in  the  elaboratory  scarcely  went 
out,  which  was  well  furnished  with  chymical  materials,  as 
bodyes,  receivers,  heads,  crucibles,  &c.,  which  was  made  very 
little  use  of,  ye  crucibles  excepted,  in  which  he  fused  his  metals. 
He  would  sometimes,  tho'  very  seldom,  look  into  an  old  mouldy 
book  which  lay  in  his  elaboratory.  I  think  it  was  titled  Agri- 
cola  de  Metallis  ;  the  transmuting  of  metals  being  his  chief  de- 
sign, for  which  purpose  antimony  was  a  great  ingredient.  Near 

his  elaboratory  was  his  garden  His  brick  furnaces, 

ro  re  nata,  he  made  and  altered  himself,  without  troubling  a 
ricklayer.' " 

Sir  David  Brewster  has  seen,  in  Newton's  handwriting,  Ths 
Metamorphoses  of  the  Planets,  by  John  de  Monte  Snyders,  in 
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sixty-two  pages  quarto;  also,  a  Key  to  the  same  work  and 
numerous  paSes  of  alchemist  poetry  from  Norton  s  Ordinal  and 
Basil  Valentine's  Mi/ster^  of  the  Microcosm.    There  is  also  a 
copy  of  Secrets  Revealed;  or,  an  open  entrance  to  the  bimt  FaLace 
of  the  Kinq,"  which  is  covered  with  notes  m  Sir  Isaac  s  hand, 
in  which  great  changes  are  made  upon  the  language  and  mean- 
ing of  the  thirty-five  chapters  of  which  it  consists.    Sir  David 
has  likewise  found  amongst  Sir  Isaac's  papers  a  beautifully  writ- 
ten but  incomplete  copy  of  William  Yworth's  Processus  Mysteni 
maqni  Philosophicus,  and  also  a  small  manuscript  in  his  hand- 
writing entitled  Thesaurus  Thesaurorum  sive  Medicma  Aurea, 
Newton  too  left  behind  him,  in  his  note-books  and  sepa- 
rate Mss.,  copious  extracts  from  the  writings  of  the  alchemists 
of  all  ages,  and  a  very  large  Index  Chemicus  and  Suppleme)itu,m 
Indicis  Cheinici,  with  minute  references  to  the  different  subjects 
to  which  they  relate. 

BOYLe's  PEOCESS  for  "  MULTIPLYING  GOLD." 

In  1692,  while  Newton  was  in  correspondence  with  Locke, 
the  process  of  the  Hon.  Robert  Boyle  for  "  multiplying  gold," 
by  combining  a  certain  red  earth  with  mercury,  became  the 
subject  of  discussion.  Boyle  had,  before  his  death,  communi- 
cated this  process  both  to  Newton  and  Locke,  and  procured 
for  them  some  of  the  red  earth.  It  is  obvious  from  letters 
extant  that  both  the  philosophers  were  desirous  of  "  multiplying 
gold."  Newton  says  that  several  chemists  were  engaged  in 
trying  the  process,  adding  that  Mr.  Boyle,  in  communicating 
it  to  himself,  "had  reserved  a  part  of  it  from  my  knowledge, 
though  I  knew  more  of  it  than  he  has  told  me." 

This  mystery  on  the  part  of  Boyle  (says  Brewster)  is  very 
remarkable.  In  "  offering  his  secret  to  Newton  and  Locke,  he 
imposed  conditions  upon  them,  while,  in  the  case  of  Newton  at 
least,  he  did  not  perform  his  own  part  in  the  arrangement."  On 
another  occasion,  when  he  communicated  two  experiments  in 
return  for  one,  "  he  cumbered  them,"  says  Newton,  "  with  such 
circumstances  as  startled  me,  and  made  me  afraid  of  anymore." 

It  is  a  curious  fact,  as  appears  from  this  letter,  that  there 
was  then  a  company  established  in  London  to  multiply  gold  by 
this  recipe,  which  Newton  "  takes  to  be  the  thing  for  which 
Mr.  Boyle  procured  the  repeal  of  the  Act  of  Parliament  against 
multipliers."  The  pretended  truths  in  alchemy  were  received  by 
men  like  Boyle  on  the  same  kind  of  evidence  as  that  by  which 
the  phrenology  and  clairvoyance  of  modern  times  have  been 
supported.   Although  Boyle  possessed  the  golden  recipe  for 

•  By  W.  C,  Lond.,  1699,  8vo.  "Composed  by  a  most  famous  Englishman, 
styling  himself  Anonymus,  or  JSurcenens  Philalelha,  who,  by  inspiration  and  read- 
ing, attained  to  the  Philosopher's  Stone  at  the  age  of  twenty-three  years.  Anno 
Domini,  1645."' 
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twenty  years,  yet  Newton  could  not  find  that  he  had  "  either 
tried  it  himself,  or  got  it  tried  successfully  by  any  body  else  •  for  " 
he  says,  "  when  I  spoke  doubtingly  about  it,  he  confessed  that 
he  had  not  seen  it  tried,  but  added,  that  a  certain  gentleman  wag 
noio  about  it,  and  it  succeeded  very  well,  so  far  as  he  had  gone,  and 
that  all  the  signs  appeared  so  well  that  1  med  not  doubt  of  it." 

Boyle,  iu  his  physical  inquiries,  insisted  upon  the  importance  of  in- 
dividual experiments,  and  the  comparative  unimportance  of  the  facts 
which  on  certain  subjects  antiquity  has  handed  down.  Humboldt  well 
calls  him  "the  cautious  and  doubting  Eobert  Boyle."  He  even  gave  to 
his  most  popular  work  the  title  of  Tke  Sceptical  Chemist,  implying  how 
sceptical  he  was  of  the  science  of  his  own  time  ;  and  he  often  avows  his 
doubt  and  diffidence  of  the  opinions  he  inclines  to.  Yet  amidst  this 
legion  of  difiaculties  of  behef,  Boyle  believed  in  the  efficacy  of  Valentine 
Greatrakes's  cure  of  the  Evil,  and  even  contributed  to  the  Pkilosopfiical 
Transactions,  No.  256,  an  account  of  Greatrakes,  founded  upon  his  own 
letter  addressed  to  Boyla  A  century  and  a  half  since,  Boyle's  Woris, 
from  their  popularity,  were  becoming  scarce ;  and  Dr.  Johnson,  in  the  last 
century,  considering  how  much  of  our  philosophy  is  derived  from  Boyle's 
discoveries,  held  his  writings  to  be  neglected,  though  his  name  was  reve- 
renced. A  reaction  in  the  demand  for  his  Works  has  sprung  up  ;  and 
at  the  time  we  write  (I860),  in  accordance  with  the  inquh-ing,  not  to 
say  sceptical,  spirit  of  the  times,  Boyle  is  again  in  gi-eat  request.  A 
handsome  edition  of  his  Occasional  Reflections  was  reprinted  at  Little- 
more,  and  published  at  Oxford  in  1848,  and  is  already  scarce.  It  is  a 
dehghtful  "  occasional "  book  ;  worth  a  cartload  of  hght  hterature. 

BELIEF  OF  GREAT  MEN  IN  ALCHEMY. 

There  is  no  problem  (says  Sir  David  Brewster)  of  more  dif- 
ficult solution  than  that  which  relates  to  the  belief  in  Alchemy, 
and  to  the  practice  of  its  arts,  by  men  of  high  character  and 
lofty  attainments. 

When  we  consider  that  a  gas,  a  fluid,  and  a  solid  may  consist  of 
the  very  same  ingredients  in  diflferent  proportions  ;  that  the  same  ele- 
ments, with  one  or  more  atoms  of  water  form  different  substances  ;  that 
a  virulent  poison  may  differ  from  the  most  wholesome  food  only  in  the 
difference  of  quantity  of  the  very  same  ingredients ;  that  gold  and  silver, 
and,  indeed,  all  the  metals,  may  be  extracted  from  transparent  crystals, 
which  scarcely  differ  in  their  appearance  from  a  piece  of  common  salt 
or  a  bit  of  sugar-candy  ;  that  Aluminium,  a  metal  with  almost  all  the 
valuable  properties  of  gold  and  platinum,  can  be  extracted  from  clay ; 
that  light  of  the  most  dazzling  colours  can  be  obtained  from  the  com- 
bustion of  colourless  salts;  that  gas  giving  the  most  brilliant  Hght  re- 
sides in  a  lump  of  coal  or  a  block  of  wood ;  that  several  of  the  gems  can 
be  crystallised  from  their  elements ;  and  that  diamond  is  nothing  more 
than  charcoal, — we  need  not  wonder  that  the  most  extravagant  expecta- 
tions were  entertained  of  procuring  from  the  basest  materials  the  pre- 
cious metals  and  the  noblest  gems.  In  the  daily  experiments  of  the 
alchemist,  his  aspirations  after  great  discoveries  must  often  have  been 
encouraged  by  the  singular  phenomena  which  he  encountered,  and  the 
startling  results  at  which  he  arrived.  The  most  ignorant  compounder  of 
simples  could  hardly  fail  to  witness  the  almost  magical  transformations 
of  chemical  bodies ;  and  every  new  product  which  he  obtained  must  have 
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added  to  the  probability  that  the  tempting  doublet  of  gold  and  diver 
would  be  thrown  from  the  dice-box  with  which  he  gambled  When  any 
of  the  precious  metals  were  actually  obtamed  from  f^e  ojes  of  lead  ana 
other  minerals,  it  was  not  unreasonable  to  suppose  tjat  they  had  De 
formed  during  the  process  ;  and  men  not  ^1^?°^^^  *°JSTsSly, 
have  thus  embarked  in  new  adventures  to  procure  a  more  ^ted 
without  any  insult  being  offered  to  sober  reason,  f  .f  ^^^''^'''^'^ 
on  sound  moraUty.-Xi/fi  of  Sir  Isaac  Newton,  vol.  n.  pp.  d/-  ^• 

Sir  David  Brewster  maintains  that  the  ^my  °f  Boyl^ 
Newton,  and  Locke  must  not  be  considered  to  have  been 
prompted  either  by  the  ambition  of  wealth  or  of  prai  e  but 
I  love  of  truth  alone,  a  desire  to  make  new  discoveries  in  che- 
mistry,  and  a  wish  to  test  the  extraordmarypretensions  of  their 
predecessors  and  their  contemporaries.  In  so  far  as  .^f.™  ^ 
inquiries  were  limited  to  the  transmutation  and  multipli^^^^^^^^ 
of  metals,  and  even  to  the  discovery  of  the  Universal  lecture 
we  may  find  some  apology  for  his  researches;  but  we  cannot 
understand  how  a  mind  of  such  power  and  so  nobly  occupied 
with  the  abstractions  of  geometry  and  the  study  of  the  material 
world,  could  stoop  to  be  even  the  copyist  of  the  most  contemp- 
tible alchemical  poetry,  and  the  annotator  of  a  work  the  ob- 
vious production  of  a  fool  and  a  knave. 

Leibnitz,  Newton's  great  rival,  was  also  an  alchemist ;  He 
ioined  a  society  of  Rosicrucians  at  Nuremberg,  in  the  pursuit 
of  the  Philosopher's  Stone.  Leibnitz,  however,  soon  renounced 
his  faith  in  the  mystic  art ;  and  there  is  reason  to  beheve,  trom 
one  of  Newton's  letters  to  Locke,  that  he  had  also  learned  to 
have  but  little  confidence  even  in  the  humbler  department  ot 
the  multiplication  of  metals.* 

VAN  HELMONT. 

Van  Helmont  worked  most  ingeniously  in  the  illustration  of 
Alchemy.  When  Thales  had  asserted  that  water  was  the  first 
of  the  elements,  and  that  all  the  visible  creation  deduced 
therefrom  its  origin,  it  was  said  in  subsequent  ages  that  the 
planets,  according  to  their  own  power  and  their  position  m  fiery, 
airy,  earthy,  and  watery  signs,  so  acted  upon  the  fluid  mass  as 
to  produce  that  quaternion  of  elements  alone,  for  a  long  time, 
admitted  by  the  philosophers  : 

*  "When  Locke,  as  one  of  the  executors  of  Boyle,  was  about  to  publish  some 
of  his  works,  Newton  wished  him  to  insert  the  second  and  third  part  of  one  ot 
Boyle's  recipes  (the  first  part  of  which  was  to  obtain  "  a  mercury  that  would 
crow  hot  with  Kold"),  and  which  Boyle  had  communicated  to  him  on  condition 
that  they  should  be  published  after  his  death.  In  making  this  request,  Newton 
"  desired  that  it  might  not  be  known  that  it  came  through  his  hands.  And  he 
adds  •  "  One  of  them  seems  to  be  a  considerable  experiment,  and  may  prove  of 
Rood  use  in  medicine  in  analysin;?  bodies.  The  other  is  only  a  knack.  I"  dia- 
Buading  you  fiom  too  hasty  a  trial  of  this  recipe,  1  have  forborne  to  say  any  thing 
against  multiplication  in  general,  because  you  seem  persuaded  of  it,  though 
there  is  one  argument  against  it  which  I  could  never  tind  an  answer  to,  and  which, 
if  you  will  let  me  have  your  opinion  about  it,  I  will  send  you  in  my  next."  (Let- 
ter to  Locke,  Aug.  2,  1692  :  Lord  King's  Life  of  Locke,  vol.  i.) 
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Air,  and  ye  elements,  the  oldest  birth 

Of  Nature's  womb,  that  in  quaternion  run 

Perpetual  circle,  multiform,  and  mix  ' 

And  nourish  all  things.  j^^^^^ 

Van  Helraont  took  up  this  doctrine  of  Thales,  and  attemnted 
to  prove  Its  correctness  by  the  following  experiment  •  He 
took  a  vessel  of  earth,  carefully  levigated,  and  which  weighed 
exactly  two  hundred  pounds.  In  this  he  planted  a  willow 
which  weighed  five  pounds.  After  the  lapse  of  five  years  he 
took  the  willow  from  the  earth,  and  weighed  it :  it  had  increased 
to  164  pounds.  He  also  weighed  the  earth,  which  had  not 
increased  or  decreased  in  weight.  From  this  he  argued,  that,  as 
he  had  carefuUy  prevented  any  thing  from  being  put  to  the 
earth  but  water,  and  as  the  earth  in  the  vessel  had  lost  nothing 
of  Its  quantity,-the  wood,  the  sap,  and  all  the  materials  of 
which  the  tree  might  be  found  by  analysis  to  consist  were 
all  composed  of  water  alone.  "Hence,"  said  he,  "we  need 
nothing  but  water  to  form  gold  ;  since,  by  means  of  this  ele- 
ment, we  make  a  tree,  a  plant,  an  animal,  even  an  entire 
world.  '  The  reasoning  used  by  Van  Helmont  must  have 
been  unanswerable  in  his  day,  for  the  solution  of  the  pheno- 
menon required  a  far  more  advanced  state  of  chemical  science 
than  at  that  time  existed.  Van  Helmont  pretended  to  have 
once  performed  with  success  the  process  of  transmuting  quick- 
silver, and  was,  in  consequence,  invited  by  Rudolph  II.  to  fix 
his  residence  at  the  Court  of  Vienna. 

With  a  much  gi-eater  show  of  reason  he  noticed  some  of  the 
properties  of,  what  he  calls,  gas  sylvestre,  or  carbonic-acid  gas  • 
he  observes  that  it  is  invisible,  but  that  it  was  fixed  in  bodies  • 
and  he  attributes  the  phenomena  of  the  Grotto  del  Cane  to  its 
presence. 

GLAUBER  AND  BRANDT. 

Glauber,  the  laborious  German  chemist,  who  died  in  1688 
although  an  alchemist  and  believer  in  the  Universal  Medicine' 
greatly  improved  many  chemical  processes.  He  discovered  the 
salt  which  yet  bears  his  name  ;  he  greatly  improved  the  manu- 
facture of  nitric  and  muriatic  acids  ;  and  in  his  work  is  a  rude 
representation  of  the  implement  now  known  as  Woulfe's  Appa- 
ratus. To  Glauber  we  also  owe  the  first  production  of  pyro- 
ligneous  acid  ;  the  distillation  of  ammonia  from  bones,  and  its 
conversion  into  sal  ammoniac  by  the  addition  of  muriatic  acid ; 
the  preparation  of  sulphate  of  ammonia,  and  its  conversion  into 
muriate  by  the  agency  of  common  salt ;  and  the  production  of 
sulphate  of  copper  by  acting  upon  green  rust  of  copper  with 
sulphuric  acid. 

To  Brandt,  the  alchemist,  of  Hamburg,  we  owe  the  dis- 
covery, in  1669,  of  the  elementary  non-metaUic  body  phos- 
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phoinis,  which  he  procured  from  urine,  while  searching  for 
some  substance  capable  of  transmuting  silver  into  gold  He 
kept  the  mode  of  preparation  for  a  long  time  seci-et ;  but  as 
he  could  not  conceal  the  fact  of  its  being  obtamed  from  urine, 
Kunckel,  another  alchemical  adept,  tried  to  obtain  it  Irom 
the  same  source,  and  succeeded.  Kunckel  also  left  a  valuable 
treatise  on  Glass-making. 

GEOFFEOI  AND  HOMBEEG. 

In  the  eighteenth  century  some  operations  were  made 
which  for  a  while  revived  the  hopes  of  hermetic  students,  and 
led  them  to  consider  "  the  great  secret  as  almost  within  their 
ffi-asp  :"  and  these  bright  hopes  were  encouraged  by  (reotiroi 
and  Homberg,  the  latter  a  seeker,  and,  as  be  himself  once 
thought,  no  unsuccessful  one,  of  the  Philosophers  btone. 
About  the  year  1735,  there  was  established  at  Pans  a  manu- 
factory with  the  object  of  changing  iron  into  copper ;  and,  as 
it  was  indubitable  that  a  quantity  of  copper  was  actually  sent 
out  of  this  manufactory,  and  it  was  equally  certain  that  nothing 
but  iron  and  a  certain  vitriolic  solution  was  used,  this  was 
believed  to  be  but  the  first  step  of  a  series  of  transmutations  ; 
since  he  who  began  by  transmuting  iron  into  copper  would 
doubtless  soon  transmute  that  copper  into  silver,  and  the  silver 
into  gold.    Much  capital  was  invested  in  the  Paris  scheme  ; 
but  the  manager  of  the  works  soon  disappeared,  leaving  behmd 
him  only  a  small  quantity  of  iron,  and  some  blue  vitriol,  or  sul- 
phate of  copper.    The  mystery  was  now  cleared  up  ;  the  cop- 
per contained  in  the  vitriol  had  been  precipitated  upon  the  iron, 
which  had  been  dissolved  in  turn,  and  thus  the  appearance  of 
transformation  had  been  effected.  •  A  short  time  before  this, 
M.  Geoffi'oi  had  declared  that  by  a  certain  union  of  clay  and 
linseed-oil  iron  had  been  formed.    The  Alchemists  of  course 
rejoiced  :  if  it  were  possible,  even  without  a  metal,  to  make 
iron,  easier  was  it  to  make  gold  by  means  of  an  inferior 
metal.    But  M.  Geoffroi  had  overlooked  the  fact  that  iron 
already  existed  in  the  clay  as  a  colouring  oxide,  and  he  can- 
didly acknowledged  his  error.     Five  years  previously,  M. 
Homberg  had  declared  that  he  had  not  transmuted  lead  or  any 
inferior  substance  into  gold,  but  the  change  of  gold  itself  into 
glass.    Still,  no  other  person  was  able  to  produce  the  same 
results.  Among  those  who  attempted  was  the  Landgrave  of 
Hesse  Cassel,  who  had  apparatus  made  for  the  purpose ;  but 
neither  he  nor  any  one  who  tried  succeeded,  save  Homberg 
himself. 

BERGMANN  AND  THE  ALCHEMISTS. 

Bergmann,  the  distinguished  chemist,  born  in  "West  Goth- 
land in  1735,  in  his  History  of  Chemistry  during  the  Middle 
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Ages,  gives  a  number  of  cases  in  which  gold  has  been  supposed 
to  be  formed  by  the  use  of  the  Philosopher's  Stone.  They 
were  unquestionably  the  result  of  fraud,  by  secretly  introducing 
into  the  crucible  gold,  which  they  pretended  to  have  obtained 
by  transmutation.  But  Bergmann  observes  respecting  the  pro- 
bability and  possibility  of  transmutation,  that  although  most 
of  the  narratives  are  deceptive,  and  many  uncertain,  some  bear 
such  character  and  testimony,  that,  unless  we  reject  all  histori- 
cal evidence,  we  must  allow  them  entitled  to  confidence.  "For 
doubtless,"  he  adds,  ''if  a  person  who  has  no  faith  in  the 
changes  of  alchemistry  should  obtain  by  chance  a  small  piece 
of  the  Philosopher's  Stone,  and,  on  making  the  experiment 
alone  in  his  closet,  procure  a  quantity  of  gold  heavier  than  the 
Stone,  will  it  not  be  difficult  to  explain  in  what  manner  he  was 
deceived  ?"  Before  the  difficulty  is  required  to  be  explained,  it 
must,  however,  be  placed  on  incontestable  evidence. 

DR.  PEICE  THE  ALCHEMIST. 

Towards  the  close  of  the  last  century.  Dr.  James  Price, 
a  medical  practitioner  in  the  neighbourhood  of  Guildford, 
Surrey,  acquired  some  notoriety  by  an  alleged  discovery  of 
methods  of  transmuting  mercury  into  gold  or  silver.  He  had 
been  a  student  of  Oriel  College,  Oxford,  where  he  obtained  the 
degree  of  Bachelor  of  Physic.  In  1782  he  published  an  ac- 
count of  his  Experiments  on  Mercury,  Silver,  and  Gold,  per- 
formed at  Guildford,  in  that  year,  before  Lord  King  and  others, 
to  whom  he  appealed  as  eye-witnesses  of  his  wonder-working 
power.  It  seems  that  mercury  being  put  into  a  crucible,  and 
heated  in  the  fire  with  other  ingredients  (which  had  been 
shown  to  contain  no  gold),  he  added  a  red  powder ;  the  crucible 
was  again  heated,  and  being  suffered  to  cool,  amongst  its  con- 
tents, on  examination,  was  found  a  globule  of  pure  gold.  By 
a  similar  process,  with  a  white  powder,  he  produced  a  globule 
of  silver.  The  character  of  the  witnesses  of  these  manifesta- 
tions gave  credit  and  celebrity  for  a  time  to  Price,  who  was 
honoured  by  the  University  with  the  degree  of  Doctor  of  Physic ; 
and  he  was  also  elected  a  Fellow  of  the  Royal  Society.  Dr. 
Price  had  now  placed  himself  in  a  perilous  position  j  for  persons 
acquainted  with  the  history  of  alchemy  must  have  conjectured 
how  the  gold  and  silver  in  his  experiments  might  have  been 
procured  without  any  transmutation  of  mercury  or  any  other 
substance.  The  Royal  Society  authoritatively  required  that 
the  pretensions  of  the  new  associate  should  be  properly  sifted, 
and  his  claim  as  a  discoverer  be  clearly  established,  or  his  cha- 
racter as  an  impostor  exposed.  A  repetition  of  the  Doctor's 
experiments  before  a  committee  of  the  Royal  Society  was  com- 
manded on  pain  of  expulsion ;  when  the  unfortunate  man, 
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rather  than  submit  to  the  ordeal,  took  a  draught  of  laurel- 
water,*  and  died  on  July  31,  1783,  in  his  twenty-fifth  year. 

NINETEENTH  CENTURY. 

At  the  beginning  of  the  present  century,  some  persons  of 
eminence  in  science  thought  favourably  of  Alchemy.  Professor 
Eobison,  writing  to  James  Watt,  Feb.  11,  1800,  says  :  "The 
analysis  of  alkalies  and  alkaline  earths  will  presently  lead,  1 
think,  to  the  doctrine  of  a  reciprocal  convertibility  of  all  things 
into  all ;  .  .  .  and  I  expect  to  see  alchemy  revive,  and  be  as  uni- 
versally studied  as  ever.  "* 

Sir  Walter  Scott,  in  his  excellent  paper  on  Astrology  and 
Alchemy  in  the  Quarterly  Review,  1821,  relates  that  about  1801 
an  adept  lived,  or  rather  starved,  in  the  metropolis,  in  the 
person  of  an  editor  of  an  evening  journal,  who  expected  to 
compound  the  alkahest  if  he  could  only  keep  his  materials 
digested  in  his  lamp-furnace  for  the  space  of  seven  years.  The 
lamp  burnt  brightly  during  six  years,  eleven  months,  and  some 
odd  days  besides,  and  then  unluckily  it  went  out.  Why  it  went 
out  the  adept  never  could  guess  ;  but  he  was  certain  that  if 
the  flame  could  only  have  burnt  to  the  end  of  the  septenary 
cycle,  his  experiment  must  have  succeeded. 

PETER  WOULFE. 

The  last  true  believer  in  alchemy,  according  to  Mr.  Brande, 
was  Peter  Woulfe,  the  eminent  chemist,  associated  with  Woulfe's 
Apparatus,  for  condensing  gaseous  products  in  water,  and  a  Fel- 
low of  the  Royal  Society.  Among  his  contributions  to  the 
Philosophical  Transactions  are  "Experiments  to  show  the  nature 
of  Aurum  Mosaicum." 

"Woulfe  was  a  tall,  thin  man  ;  he  died  in  Barnard's  Inn,  Holbom,  in 
1805,  and  his  last  moments  were  remarkable.  By  his  desire,  his  laun- 
dress shut  up  his  chambers,  and  left  him,  but  returned  at  midnight, 
when  Woulfe  was  still  alive  :  next  morning,  however,  she  foimd  him 
dead  ;  his  countenance  was  calm  and  serene,  and,  apparently,  he  had 
not  moved  from  the  position  in  which  she  had  last  seen  him. — Curiosities 
of  London, 

Little  is  known  of  Woulfe's  life.  Sir  Humphry  Davy  states  that  he 
used  to  affix  wi-itten  prayers  and  inscriptions  of  recommendations  of  his 
processes  to  Providence.  His  chambers  were  so  filled  with  fiu-niices  and 
apparatus  that  it  was  difficult  to  reach  his  fireside.  Dr.  Babington  told 
Mr.  Brande  that  he  once  put  down  his  hat,  and  never  could  find  it 
again,  such  was  the  confusion  of  boxes,  packages,  and  parcels  that  lay 
about  the  room.  His  breakfast-hour  was  four  in  the  morning  ;  a  few  of 
his  select  friends  were  occasionally  invited,  and  gained  enti'ance  by  a 
secret  signal,  knocking  a  certain  number  of  times  at  the  inner  door  of 
the  chambers.  He  had  long  vainly  searched  for  the  Elixir,  and  attri- 

•  Brande's  Journal  of  Scieace,  vol.  ix.  p.  237. 

t  Muirhead's  Origin  and  Progrts*  of  the  Mechanical  Inventions  of  James  Wait, 
vol.  ii. 
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felt  himself  offended,  he  resented  t  ?n  «nr>,^  break  an  acquaintance  or 
present  to  theoffende.,  Ld  rver  seeb/S  aTfer^''"^  "^"^^"^  ^ 
sometimes  consisted  of  an  6x^0  cLil  pS^^^  "^'^T"^ 

ditions  term^inated  in  in^m^tMe  oTwreh^S.^^^- 

KELLEEMAN. 

In  1825  Sir  Richard  Phillips  visited  ''an alchemist"  nimf^A 
Kellerman  at  the  viUage  of  Lilley.  between  LutoS 

H,pPh-i  '^'T^-^L'^'"'  «fhis  neighbours  to  have  dircovered 
the  Philosopher's  Stone  and  the  Universal  Solvent  ''''''^^'^'^ 

Alchemist°  /  ^'^^^^^^ion  of  the  well-known  picture  of  Tenier's 
krs  and  LnTi  f^rewed  with  retorts,  crucibles,  alembics 

jars,  and  bottles  of  various  shapes,  iaterminged  with  old  books 

Sir  Richard  proceeds  to  relate  : 

He  gave  me  a  history  of  his  studies,  mentioned  some  men  in  London 

ttrhlJrartv°7hati 

wnrL  ^  X    ,  ,     *  havmg,  m  consequence,  examined  the 

W  alchemists,  and  discovered  the  key  wh  ch  thev 

had  studiously  concealed  from  the  multitude,  he  had  ^or^uS  S 
a£Z  l^g^ts  ;  and,  after  sXiW  Sumeroi 

Tetad  Tfi:Ji?\""^jr *y  ^'^i-^^^-^  tbey  deS"  the? 
conM^fl.  f  '^^PP^'y  succeeded ;  had  made  gold,  and 

offihP  Nnfln  n^^.™°it  P^"''^^'^^'  ^^'''■^  t«  tl^e  extent  If  pkjS^ 

ott  the  National  Debt  in  the  coin  of  the  realm  ° 

and  nn  +1!^  w  ^^a"^  enlarged  upon  the  merits  of  the  ancient  alchemists 
and  on  the  blunders  and  impertinent  assumptions  of  modern  chemists 
He  quoted  Roger  and  Lord  Bacon,  Paracelsus,  Boyle,  LerhTave' 
Woulfe  and  others  tojustify  his  pursuits.  As  to  the  term  PMlosopher^ 
SnT'       lleged  that  it  was  a  mere  figm-e  to  deceive  the  vu  ga^"^  He 

at  rTJ<ffi*f  ^'"'"/"^^  ^?       ^"'J'         °f  Dee's  finding  the  EhSr 

at  Glastonbury,  by  means  of  which,  as  he  said,  Kelly  for  t  len^th^f 

heTad  K*'^  T^^^^^  ^^^^^^onr.    Kellei^man  adied^^that 

ff^^f     ,     ^'^'^  ^^'^'^  ^'actof  ApoUonius  Tyanus  :  it  was 

Itself  "  the  powder  of  projection  for  producing  gold  " 

+wJ  +  It^^""  appeared  that  he  had  lived  in  the  premises  at  Lilley  for 
twenty-three  years,  during  fourteen  of  which  he  had  pursued  Ws  al- 
smStLdlf'ri  ""''^  ^rdom- ;  keeping  eight  assistant!  for 

s  X  >  o^i^  hff  f  ""bles,  two  at  a  time,  relieving  each  other  everv 
six  hours  that  he  had  exposed  some  preparations  to  intense  heat  for 
many  months  at  a  time  ;  but  that  all  except  one  crucible  had  burst,  and 
that,  Kellerman  said,  contamed  the  true  "blacker  than  black."  One 
of  his  assistants,  however,  protested  that  no  gold  had  ever  been  foimd. 
a^id  that  no  mercury  had  ever  been  fixed ;  for  he  was  quite  sure  Keller' 
man  could  not  have  concealed  it  from  his  assistants ;  while,  on  the  con- 
trary they  witnessed  his  severe  disappomtment  at  the  result  of  his 
most  elaborate  experiments.* 

ti  -Pf        ?oiir  through  the  United  Kingdom,  Part  1.,  Nov.  J826    See  "  Spcret 
r.,^     ,^^'?:  -^''"if^      generally  Known,  p.  116;  aud  "  Xlie  Philosopher's 
btouc,"  Popular  Errors  Explained,  p.  144.  unobopuLi  s 
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DIALECT  OF  THE  ALCHEMISTS. 

The  literal  interpretation  of  the  Hermetic  treatises,  and 
..hat  may  b^  ermed  their  "  Shibboleth,"  has  probably  led  to 
IkCy  being  overwhelmed  with  the  reproaches  of  the  modern 
wld.  ^  Sometimes,  in  their  dialect,  man  was  designated  as 
The  Stone,  antimony,  lead,  zinc,  or  ai^enic  ;  but  they  point  to 
the  means  of  his  perfection,  as  animated  ^f^^cury  j^^^J^^P^^^^ 
the  gi-een  Uon,  shark,  water,  or  virgin's  milk.    Siguier  speak 
ing?f  this  element,  says  that  none  of  the  alchemists  have 
evi  discovered  it.    The  spirit  of  fire,  transmuting  aU  tbings 
the  salt  of  tartar,  the  spirit  of  wme  driven  to  the  centre  by 
cold,  and  the  essential  salt  of  vipers,  remain  mysteries  m  the 
Hermetic  dialects.   Artephius  wrote  on  antimony,  but  was  lUe- 
gibly  obscure :  and  spoke  of  the  salt  of  the  sun  and  moon  to  be 
made  homogene  with  other  imperfect  bodies  of  argent  yive,— 
the  water  of  life,  azoth,  and  the  true  tincture.    Basil  Valentine 
adds  the  unicorn's  horn,  "  the  aguish  magnetified  needle. 

If  Bishop  Berkeley  knew  vthtii  Alcahest  meant,  and  it  Kunc- 
kel  was  wrong  in  his  application  of  a  physical  law  to  demon- 
strate its  impossibility,  it  may  be  safely  affirmed  that  no  one 
has  ever  reduced  to  common  sense  the  works  ot  beber  the 
Arabian.  Of  course,  the  language  of  the  Adepts  was  not  de- 
signed for  ordinary  readers,  being  expressly  designated  as  the 
magic  language,  and  the  language  of  angels.  This,  however, 
does  not  prove  it  to  have  contained  any  philosophy  more  prac- 
tical than  that  which  occupied  itself  in  studying  the  secret  of 
transmutation.  What  was  of  a  mixed  nature,  between  fixed 
and  not  fixed,  and  partook  of  a  sulphurazurine  ?  What  was  a 
raw,  cooling,  feminine  fire  ?  or  the  lustral  water  that  cleansed 
the 'earth?  Pure  gold,  violet,  citrine,  virgin's  milk,  purple, 
and  transcendent  redness,  prove  that,  as  Erynaeus  says,  "  this 
art  is  very  cabaHstical. "  ^  i. 

Grew  thus  points  to  the  importance  of  gold  m  the  art : 
"  Every  alchemist  knows  that  gold  will  endure  a  vehement  fire 
for  a  long  time  without  any  change  ;  and  after  it  has  been 
divided  by  corrosive  liquors  into  invisible  parts,  yet  may  pre- 
sently be  precipitated  so  as  to  appear  in  its  own  form."* 

The  students  of  the  art  were,  however,  told  that  under  its 
enigmatical  language  was  concealed  the  direction  for  a  very 
easy  and  simple  process.  Raymond  Lully  remarks :  "  In  the 
art  of  our  magistery  nothing  is  hid  by  the  philosophers  except 
the  secret  of  the  art,  which  it  is  not  lawful  for  any  man  to  re- 

•  Snidaa  maintains  that  the  Golden  Fleece,  which  Jason  and  the  Argonauts 
(after  a  voyage  through  the  Black  Sea  to  Colchis)  took,  together  -with  Medea,  is 
not  what  the  poets  represent,  but  a  treatise  written  on  skins,  teaching  how  gold 
might  be  prepared  by  chemistry  ;  '  probably  it  was  called  golden  by  those  who 
lived  at  that  time  ou  account  of  its  great  importance." 
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veal,  and  which,  if  it  were  done,  he  should  be  cursed,  and  should 
incur  the  indignation  of  the  Lord,  and  should  die  of  an  apo- 
plexy. '  The  conclusion  of  Chaucer's  "  Chanon  Yeoman's  Tale" 
is  much  to  the  same  purpose,  except  that  the  poet  advises 
since  there  is  so  great  a  secret,  which  is  so  by  the  especial  pro- 
vidence of  God,  man  shall  not  attempt  to  discover  it  The 
Alchemists  on  the  contrary,  say  that  it  is  only  intended  to 
be  concealed  from  the  profane;  and  that  if  any  man  by  long 
study  do  attain  to  its  knowledge,  then  to  him  it  is  revealed  by 
the  divine  favour ;  and  this  mixture  of  religion  and  Alchemy 
will  be  found  pervading  every  treatise  on  the  subject.  Hermes 
Trismegistus,  m  one  of  the  treatises  ascribed  to  him  directs 
the  adept  to  catch  the  flying  bird,  and  to  drown  it,  so  that  it 
fly  no  more  ;  by  which  is  meant  the  fixation  of  quicksilver  by 
a  combination  with  gold.  It  is  after  this  to  be  subjected  to 
the  action  of  aqiia  regixx,  by  which  its  soul  wiU  be  dissipated, 
and  it  will  be  united  to  the  red  eagle  (muriate  of  gold).  This 
IS  enigmatical,  says  Mr.  Christmas,  but  it  promises  something. 
On  the  other  hand,  Elias  Ashmole,  who,  if  not  himself  a  work- 
ing alchemist,  called  the  adept  Backhouse  "father,"  and  studied 
Hebrew  that  he  might  fully  illustrate  the  Hermetic  philosophy, 
Mid  the  Philosopher's  Stone,— has,  in  his  Theatrum  Chemicum 
Britanmcum,  preserved  this  fragment  of  banter  : 

I  asked  Philosopliy  how  I  should 
Have  of  her  the  thing  I  would. 
She  answered  me,  when  I  was  able 
To  make  the  water  malleable ; 
Or  else  the  way  if  I  could  find 
To  measure  out  a  yard  of  wind  ; 
Then  shalt  thou  have  thine  own  desire 
When  thou  canst  weigh  an  ounce  of  fire  : 
Unless  that  thou  canst  do  these  three. 
Content  thyself  thou  gett'st  not  me. 

Mr.  Christmas  describes  a  manuscript  of  the  seventeenth 
century,  in  the  Cambridge  University  Library,  illustrated  by 
coloured  drawings  of  dragons,  eagles,  crucibles,  and  alembics ; 
and  speaking  of  the  formation  of  precious  stones,  and  implying 
the  discovery  of  the  second  great  object  of  the  alchemist,  viz. 
the  Universal  Solvent,  or  the  Alkahest;  the  absurdity  of  which 
notion  was  exposed  by  Lavoisier.  He  inquired,  if  the  solvent 
were  universal,  what  vessel  would  hold  it.  The  idea  afforded 
only  this  one  absurdity,  that  of  supposing  the  solvent  universal 
as  to  its  effects.  The  experiments  of  Becquerel  in  France,  and 
of  Crosse  in  England,  amply  demonstrate  that  the  operations  of 
nature  in  the  formation  of  minerals  may,  on  a  small  scale,  be 
performed  by  the  electrician.  The  Alchemists  did  not  expect 
to  make  diamonds,  or  even  to  make  gold,  out  of  that  which 
was  an  essentially  different  substance.  The  baser  metal  was  to 
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be  iutrinsically  purified;  that  terreous  matter  which  caused  it 
to  differ  from  gold  was  to  be  "burnt  and  purged  away,  the 
fragments  of  the  diamond  were  to  be  dissolved  and  reunited, 
or  the  ordinary  flint  was  to  be  treated  like  the  baser  metal. 
The  Ms.  above  quoted  assumes  also  that  the  three  great  objects 
of  the  philosopher's  search,  namely,  the  transmuting  agent,  the 
universal  solvent,  and  the  universal  remedy,— m  other  words, 
the  PhUosopher's  Stone,  the  Alkahest,  and  thoEhxir  of  Lite,— 
were  essentially  the  same  body,  causing  by  its  purifying  ppwer 
the  base  and  imperfect  substance  to  cast  aside  its  impurities, 
and  exhibit  itself  in  the  most  simple  and  perfect  state,  bringing 
back  health  and  youth  to  the  shattered  constitution,  and  when 
pure,  dissolving  and  decomposing  all  the  bodies  in  order  to 
exhibit  them  in  a  renovated  and  more  complete  form.* 

The  phenomena  of  life,  death,  and  resurrection  were  illus- 
trated by  the  language  of  Alchemy,  the  science  of  the  period  : 

We  poor  mortals  (says  Basil  Valentine)  are,  for  our  sins  here,  by 
means  of  that  death  which  we  have  well  deserved,  pickled  m  the 
earthly,  that  is,  the  kingdom  of  earth,  till  in  process  of  tinie  wo  be- 
come putrid  and  rot ;  and  then  are  once  more  awakened,  clarified,  and 
sublimed  by  virtue  of  the  heavenly  fire  and  heat,  even  to  the  celestial 
sublimation  and  elevation ;  for  all  our  dross,  sins,  and  impurities  are 
sundered  from  us. 

Luther,  in  his  Canonica,  praises  Alchemy,  "by  reason  of  the  glori- 
ous and  fair  resemblances  which  it  has  to  the  raising  of  the  dead  ;  for 
even  as  fire  from  each  kind  of  thing  doth  extract  that  which  is  best, 
and  doth  sunder  it  from  the  bad,  and  thus  doth  carry  the  spirit  itself 
upward,  so  that  it  shall  have  the  upper  place,  whereas  matter,  like  unto 
a  dead  body,  doth  remain  below  lying  on  the  earth,  so  also  will  God, 
at  the  last  day,  sunder  the  godless  and  uurighteous  from  the  righteous 
and  godly.  The  righteous  will  ascend  to  heaven,  but  the  imrighteous 
will  abide  below  in  hell. 

In  old  diaries  we  find  occasionally  curious  entries  of  the 
arcana.  Aubrey  relates  that  there  lived  at  Wilton,  in  his  day, 
one  Mr.  Boston,  a  Salisbury  man,  who  was  a  great  chemist,  and 
did  great  cures  by  his  art.  But  after  long  search  for  the  Philo- 
sopher's Stone,  he  died  at  Wilton,  having  spent  his  estate. 
"  After  his  death,  they  found  in  his  laboratory  there  two  or 
three  baskets  of  egc/e  shelles,  which  I  remember  Geber  saith  is 
a  principall  ingredient  of  that  Stone." 

The  delusive  character  of  the  art  has  been  cleverly  epigram- 
matised.  Libavius,  whose  name  is  more  familiar  as  a  chemist 
than  as  an  adept,  has  this  *'  rime  "  of  Alchemy : 

Alchymia  est  ars  sine  arte, 
Cujus  scii"e  est  pars  cum  parte. 
Medium  est  strenue  mentiri, 
Finis  mendicamentum  iri. 


•  The  Cradle  of  the  Twin  Qiants,  Science  and  History^  vd.  il. 
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The  name  of  Alchemy  has  been  applied  to  the  modification 
ot  brass,  supposed  to  have  been  occasionally  formed  by  the 
Alchemist.    Fletcher,  in  his  Purple  Island,  c.  vii.,  has 

Such  were  his  arms,  false  gold,  true  alchemie. 
Milton  uses  it  for  trumpet-metal : 

Four  speedy  chenibims 
Put  to  their  mouths  the  sounding  alchemy. 

Paradise  Lost,  li,  517. 
Minshull  {Essay,  p.  23)  mentions  "  rings  and  chaines  bought  at 
St.  Martin's,*  that  weare  faire  for  a  little  time,  but  shortly  after 
will  prove  alchemy,  or  rather  pure  copper." 

The  word  alchemy  was  corrupted  iuto  Occamy  or  Ocharay, 
when  it  was  applied  to  an  imitation  of  silver.  In  Nash's 
Lenten  Stuffe  we  read,  "  Pilchards  are  but  connterfeit  to  her- 
rings, as  copper  to  gold,  or  ockamie  to  silver  ;"  Steele,  in  the 
Guardian,  No.  26,  speaks  of  an  occamy  spoon;  and  the  tei-m  is 
not  yet  quite  disused  among  some  classes.  Johnson  describes 
it  as  a  "  kind  of  mixed  metal  used  for  spoons  and  kitchen 
utensils. " 

Bacon,  in  his  Physical  Remains,  however,  distinguishes  it 
thus  :  "  white  alchemy  is  made  of  pan-brass,  one  pound,  and 
arsenicum,  three  ounces ;  or  alchemy  is  made  of  copper  and 
auripigmeutum." 

Alchemy  was  the  science  of  this  period  ;  and  hence,  by  de- 
grees, alchemistical  forms  of  expression  for  terrestrial  processes 
passed  into  the  language  of  ordinary  life.  The  words  spirit  of 
wine,  spirit  of  salt,  spirit  of  nitre,  and  so  forth,  sufficiently  be- 
speak a  general  belief  in  supernatural  or  occult  agencies. 

Ebenezer  Sibly  has  published  two  quarto  volumes  on  medico- 
astrological  science  ;  and  speaks  mysteriously,  if  not  profoundly 
also,  of  alchemy  ;  his  reanimating  Solar  Tincture  and  his  Lu- 
nar Tincture  speak  by  their  titles  {Christmas).  Of  the  same 
fraternity  is  Daffy's  Elixir,  from  the  Elixir  Vit<2. 

The  chemistry  of  the  Indians,  embracing  alchemistic  arts, 
is  called  rasayana  {rasa,  juice  or  fluid,  also  quicksilver ;  and 
ayd)ia,  course  or  process),  and  forms,  according  to  Wilson,  the 
seventh  division  of  the  dyur-  Veda,  the  science  of  life,  or  the 
prolongation  of  life."    (Royle,  Hindoo  Ifedicijie.) 

Gibbon,  speaking  of  alchemy,  says,  that,  "  congenial  to  the 
avarice  of  the  human  heart,  it  was  studied  in  China,  as  in 
Europe,  with  equal  eagerness  and  with  equal  success.  The 
darkness  of  the  middle  ages  ensured  a  favourable  reception  to 
every  new  tale  of  wonder  j  and  the  revival  of  learning  gave 

•  St.  Martin's-le-Gvand  iras,  until  a  very  late  period,  noted  for  its  manufac- 
turers of  counterfeit  ■'vare,  as  latten  and  copper  articles,  St.  Martin's  copper-lace, 
and  occamy  ware.  In  the  adjoining  Aldersgate  and  Cripplegate  are,  to  this  day, 
the  principal  refiners  and  worliers  of  precious  metals. 
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lew  vigour  to  hope,  and  suggested  more  specious  arts  of  de- 
ieption.  Philosophy,  with  the  aid  of  experience,  has  at  length 
)anished  the  study  of  alchemy  ;  and  the  present  age,  however 
iesirous  of  riches,  is  content  to  seek  them  by  the  humbler 
neans  of  commerce  and  industry." — Decline  and  Fall,  vol.  ii. 

THE  GOLDEN  CHAIN  OF  HOMEE.  THE  HERMETIC  OR 

MERCURIAL  CHAIN. 

Upon  this  famous  wonder  of  the  Ancients,  we  find  in  Notes 
%nd  Queries,  Second  Series,  Nos.  56,  57,  and  58,  by  an  anony- 
nous  Correspondent,  a  paper  of  extraordinary  interest,  the 
leading  points  of  which  we  have  condensed,  selecting  those 
which  the  more  directly  relate  to  Alchemy. 

There  exists  a  very  curious  book  of  Hermetic  lore,  entitled 
Aurea  Catena  Homeri  (or,  the  Golden  Chain  of  Homer),  ori- 
ginally published  in  German,  and  translated  into  Latin  by  Dr. 
Favrat ;  for  the  loan  of  which  when  in  Ms.  100  dollars  were 
sometimes  given,  or  for  information  concerning  it.  The  au- 
thor, who  lived  in  the  l7th  century,  was  one  Fuldang  Leopold 
Codrus,  who  describes  himself  as  a  poor,  persecuted  ploughman 
md  peasant. 

The  work  may  be  in  few  words  characterised  as  a  treatise  on 
the  doctrine  of  a  Graduated  Chain  of  Nature,  or  Chain  of  Being, 
in  two  parts — (1)  Of  the  Generation  of  Things,  (2)  Of  the  Cor- 
ruption of  Things,  and  their  Anatomy  ;  the  author  following  the 
Egyptians  and  most  ancient  usages  in  regarding  Nature  as  a 
Series  of  Rings,  or  Revolving  Circles,  forming  a  vast  chain, 
which  links  the  Deity  with  his  humblest  creatures.  However, 
Codrus  deals  not  so  much  with  the  Scale  of  Creatures  as  with  the 
Protean  Chain  of  Metamorphoses  and  Transmutations,  which 
unites  in  one  the  Dyads  or  Bipolarities  of  Life  and  Death, 
Generation  and  Corruption,  Corruption  and  Regeneration, 
Coagulation  and  Dissolution,  Evaporation  and  Condensation, 
Volatilisation  and  Fixation,  &c.  Or,  in  the  author's  words, 
"How  Nature  herself  dissolves  and  coagulates,  resolves  and 
regenerates.  For  what  Nature  makes,  and  by  what  means  she 
makes  it,  through  the  very  same  means  she  destroys  all  again. 
Thus  every  thing  has  its  Coagulator  and  Resolver,  its  Life 
and  Death,  within  its  own  self,  through  which  it  is  produced 
and  sustained,  and  again  broken  up  and  destroyed.  For  from 
diversities  of  operation  and  of  modes  of  operation  proceeds  a 
different  working  of  eflFect." 

In  Part  IL  e  have  a  curious  passage  on  Transmutation,  or 
expansion  of  the  idea  in  the  Religio  Medici,  as  follows  :  "  '  All 
flesh  is  grass '  is  not  only  metaphorically  but  literally  true ;  for 
all  these  creatui-es  we  behold  are  but  the  herbs  of  the  field 
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digested  into  flesh  in  them,  or  more  remotely  carnified  in  our- 
selves."— Religio  Medici. 

Coleridge,  too,  in  the  conclusion  of  his  Aids,  speaking  of 
the  magic  metamorphoses  wrought  by  the  occult  power  of^s- 
similation,  has  this  eloquent  passage  : 

The  germinal  power  of  the  planet  transmutes  the  fixed  air  and 
the  elementary  base  of  water  into  grass  or  leaves ;  and  on  these  the 
organic  principle  in  the  ox  or  the  elephant  exercises  an  alchemy  still 
more  stupendous.  As  the  unseen  agency  weaves  its  magic  eddies,  the 
fohage  becomes  indifferently  the  bone  and  its  marrow,  the  pulpy  bram 
or  the  solid  ivory,  &c. — Aids,  vol.  i.'"  r  , 

A  parallel  to  this  doctrine  may  be  found  among  the  Bur- 
mese, who  appropriately  call  the  world  "  Logha,"  which  signi- 
fies alternate  Destruction  and  Reproduction.  In  Ovid  {Met.  lib. 
XV.)  we  have  a  good  specimen  of  the  old  Egyptian  philosophy 
on  this  head,  as  taught  by  Pythagoras. 

The  best  and  shortest  summary  that  could  be  given  of  the 
contents  of  the  Aurea  Catena  Homeri  may  be  attained  by  quot- 
ing the  following  passage  from  an  old  Hermetic  treatise,  called 
The  Secret  of  Secrets,  ascribed  to  a  certain  King  Kalid : — 

We  have  taught  how  a  body  is  to  be  changed  into  a  spirit,  and 
again  how  the  spirit  is  to  be  turned  into  a  body,  namely,  how  the  fixed 
is  made  volatile,  and  the  volatile  fixed  again  :  how  the"  earth  is  turned 
into  water  and  air,  and  the  ah-  into  fin-e,  and  the  fire  into  earth  again : 
then  the  earth  into  fire,  and  the  fire  into  air,  and  the  air  into  waterj 
and  the  water  again  into  earth.  Now  the  earth,  which  was  of  the 
nature  of  fire,  is  brought  to  the  nature  of  a  quintessence.  Thus  we 
have  taught  the  ways  of  transmutipg  performed  through  heat  and 
moisture  ;  making  out  of  a  dry  a  moist  thing,  and  out  of  a  moist  a 
dry  one  :  otherwise  natures  which  are  of  several  properties  or  families 
could  not  bo  brought  to  one  uniform  thing,  if  (unless  ? )  the  one  should 
be  turned  mto  the  other's  nature.  And  this  is  the  perfection  according 
to  the  advice  of  the  philosopher.  Ascend  from  the  earth  into  heaven, 
and  descend  fi-om  heaven  to  the  earth  ;  to  the  intent  to  make  the  body 
which  is  earth  into  a  spirit  which  is  subtil,  and  then  to  reduce  that 
spirit  into  a  body  again,  which  is  gross :  changing  one  element  into 
another,  as  earth  into  water,  water  into  air,  air  into  fire  ;  and  that  into 
a  more  subtil  nature  and  quintessence.  Thus  have  you  accomplished 
the  treasures  of  the  whole  world.f 

The  Aurea  Cateyyx  Homeri  derives  its  name  from  the  cele- 
brated passage  at  the  beginning  of  the  8th  book  of  Homer 'e 
Iliad  (Cowper's  translation),  commencing  thus  : 

*  •  Let  ye  down  the  Oolden  Chain 
From  Heaven,  and  pull  at  its  inferior  links 
Both  Goddesses  and  Gods. 

The  allusions  to  this  Homeric  Chain  in  old  writers  are  very 

•  Coleridge,  possibly,  had  in  mind  a  passage  in  Herder's  Idem,  book  v.  c.  3. 

t  Tliese  Transmutations  remind  one  of  the  nursery-tile  of  The  Old  W.omnn 
hringing  her  Kid  to  Markkt,  which  Mr.  Halliwell,  in  his  work  on  liiirBeT 
Hhymes,  traces  to  an  allegoric-rabbinic  parable  of  Transmutation. 
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''     numerous.    In  Paradise  Lost  Chaos  observes  in  his  speech  to 
Satan, 

!  Now  lately  Heaven  and  Earth,  another  World, 

Hung  o'er  my  realm,  liuk'd  in  a  Golden  Cham 
To  that  side  Heaven  from  whence  your  legions  fell. 

,]  Booh  ii.  1. 1004. 

I     And  in  the  same  book,  1. 1050,  Milton  again  alludes  to  it : 

8  And  fast  by,  hanging  in  a  Golden  Chain 

1  This  pendent  World,  in  bigness  as  a  Star 

Of  smallest  magnitude,  close  by  the  Moon. 

The  Golden  Chain  of  Sympathy,  this  occult,  all-pervading, 
.  all-connecting  influence,*  is  the  source  of  all  Magic,  and  is  called 
I  by  a  variety  of  names— such  as,  The  Fital  Magnetical  Series, 
1  Jacob's  Ladder,  Anima  Mundi,  Mercurius  Philosophorum,  the 
Magician's  Hire,  &c.  The  Chain,  as  we  find  it  in  the  most 
e  eminent  philosophers,  may  be  thus  shortly  concatenated  :  Oni- 
.  nia  et  Uno,  Omnia  in  Una,  Omnia  ad  Unum,  Omnia  per  Medium, 
i     et  Omnia  in  Omnibus. 

"  Every  thing,"  says  Plato  (Protag.  260),  "  resembles  every 
,     other  thing  in  some  respect." 

,         Thus,  too,  Hippocrates :  "  There  is  one  conflux,  one  con- 
1     spiration,  and  all  things  sympathise  with  all." 
And  Macrobius : 

'  There  will  be  found,  on  a  closer  inspection,  from  the  Supreme  God 

'  down  to  the  lowest  dregs  of  things,  one  uninterrupted  chain  of  connec- 
I      tion,  mutually  binding  them  together. 

1  Oswald  Crollius,  the  Paracelsist,  observes  : 

'  Plato's  Rings  and  Homer's  Chaines  are  nothing  but  a  Divine  Series 

1      and  Order  serving  Providence,  a  graduall  and  concatenate  Sumpathy  of 
;      things.    This  visible  and  invisible  Fellowship  of  Nature  is  that  Golden 
Chaine  so  much  commended,  this  is  the  marriage  of  heaven  and  riches, 
these  are  Plato's  Rings,  this  is  that  dark  and  close  Phylosophy  so  hard 
to  be  known  in  the  most  inwai-d  and  seci-et  parts  of  Nature,  for  the 
i       gaining  whereof  Democritus,  Pythagoras,  Plato,  ApoHonius,  &c.,  have 
I      travelled  to  the  Brachmans  and  Gymnosophists  in  the  Indies,  and  to 
i       Hermes  his  pillars  in  Egypt.    This  was  that  which  the  most  ancient 
Phylosophei-s  studied,  &c. — The  Admonitoi-y  Preface,  translated  by 
PinneU,  1657. 

Sir  Thomas  Browne  remarks  : 

In  a  wise  supputation,  all  things  begin  and  end  in  the  Almighty. 
There  is  a  nearer  way  to  Heaven  than  Homer's  Chain :  an  easy  logick 
may  conjoin  a  heaven  and  earth  in  one  argument,  and,  with  less  than 
a  sorites,  resolve  all  things  to  God.  For  though  we  christen  effects 
by  their  most  sensible  and  nearest  causes,  yet  is  God  the  true  and  infal- 
lible cause  of  all ;  whose  concourse,  though  it  be  general,  yet  doth  it 
subdivide  itself  into  the  pai'ticular  actions  of  every  thing,  and  is  that 

*  "  That  Magnetic  Chain  which  is  extended  a  non  gradu  ad  tion  gradum :  that 
Ladder  of  Celsus  and  of  Zoroaster  which  reaches  from  Tartarus  to  the  highest 
Heaven." — Suggestive  Inquirjf  into  the  Hermetic  Mystery,  p.  338. 
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Spirit  by  which  each  singular  essence  not  only  subsists,  but  performs 
its  operations. — lieliffio  Medici. 

Sir  J ohn  Davies,  in  his  noble  poem  on  the  Immortality  of 
the  Soul,  thus  speaks  of  "  God's  Eternal  Law  :" 
Could  Eve's  weak  hand,  extended  to  the  tree, 

In  sunder  rend  that  Adamantine  Chain, 
Whose  Golden  Links,  effects  and  causes  bo ; 

And  which  to  God's  own  chair  doth  fixed  remain. 
Oh,  could  we  see  how  cause  from  cause  doth  spring ! 

How  mutually  they  linked  and  folded  are  ! 
And  hear  how  oft  one  disagreeing  string 

The  harmony  doth  rather  make  than  mar  ! 

The  following  passage  is  from  a  Treatise  entitled  Schola  et 
Scala  Natures : 

Nature  doth  not  lead  thee  towards  GoD  by  a  far-fetched  and 
winding  compass,  but  in  a  short  and  straight  line.  The  Sun  waits  upon 
the  Rain,  the  Rain  upon  the  Grass,  the  Grass  serves  the  Cattel,  the 
Caltel  serve  thee ;  and  if  thou  serve  God,  then  thou  makest  good  the 
highest  Link  in  the  Golden  Chain,  whereby  Heaven  is  joined  to  Earth; 
then  thou  standest  where  thou  oughtest  to  stand,  in  the  uppermost 
round  of  the  Divine  Ladder,  next  to  the  Most  High  :  then  thou  ap- 
provest  thyself  to  be  indeed  what  thou  wert  designed  by  God  to  be,  the 
High-Priest  and  Orator  of  the  Universe ;  because  thou  alone,  amongst 
all  the  creatures  here  below,  art  endowed  with  understanding  to  know 
Him,  and  speech  to  express  thy  knowledge  of  Him  in  thy  praises  and 
prayers  to  Him. 

The  mystic  Chain  of  Homer  is  called  "  golden"  not  merely 
as  an  epithet  of  eminence,  but  the  term  has  an  occult  and 
peculiarly  appropriate  significance,  especially  in  Hermetic  works. 
In  the  first  place,  Gold  was  at  once  a  Symbol  of  God  and  a 
Symbol  of  the  Sun. 

The  Mystical  Philosophers  and  Alchemists,  generally  speak- 
ing, regarded  gold  as  a  concretion  or  concentration  of  Light,  or 
rather  Fire.  Van  Helmont  calls  the  Sun  "  a  living  and  spiri- 
tual Gold,  which  (Gold)  is  a  meer  Fire,  and  beyond  all,  thoroughly 
refined  Oold."  Barton,  speaking  of  "  the  properties  of  Elemental 
Fire  or  j^ther,'''  quotes  "  an  eminent  philosoper  and  divine"  to 
the  same  purpose  :  "  Fire  is  the  universal  fountain  of  life, 
order,  distinction,  stability,  and  beauty  of  the  universe.  It  is 
not  only  in  the  Sun  and  other  heavenly  bodies,  but  it  makes 

part  of  every  lump  of  matter  upon  and  in  our  globe  

Oold  is  no  more  than  Mercury  with  abundance  of  Light  or  Fire 

in  it,  as  appears  from  an  experiment  So  quick  in  its 

motions,  so  subtle  and  penetrating  in  its  nature,  so  extensive  in 
its  effects,  it  seemeth  no  other  than  the  Vegetative  Soul  and  Vital 
Spirit  of  the  world." — The  Analogy  of  Divine  Wisdom,  1750.* 

•  See  also  J.  Webstei-'s  Melallographia ;  or,  a  History  of  Metals;  also  the 
Handling  and  Showing  of  their  Vegetability,  and  the  Discussion  of  the  most 
difficult  Questions  belonging  to  Mystical  Chemistry,  as  of  the  Philosophers'  Gold, 
♦heir  Mevcury,  the  Liquor  Alkahest,  Aurum  Potabile,  and  such  like.  17G1. 
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Moreover,  Philo  says  : 

Those  who  praise  Gold  dwell  on  two  especial  points  as  most  particu- 
larly important  and  excellent :  one,  that  it  does  not  receive  poison  ;  the 
other,  that  it  can  be  beaten  out  or  melted  into  the  thmnest  possible 
plates  while  still  remaining  unbroken.  Therefore,  it  is  very  naturally 
taken  as  an  emblem  of  that  Greater  Nahore,  which  being  extended  and 
diffused  everywhere,  so  as  to  penetrate  in  every  direction,  is  wholly  full 
of  every  thiug,  and  also  connects  all  other  things  with  the  most  admirable 
harmony.— 0/i  the  Heir  of  Divine  Things. 

Oswald  Crollius  says  to  the  same  effect : 

Nature  is  that  medium  which  by  an  harmonicall  consent  joyneth 
the  lowest  things  to  the  highest,  and  sometimes  is  called  Animall,  some- 
times Vegetable,  sometimes  Minerall,  according  to  the  diversity  of  the 
subject  or  receptacle.  Those  who  diligently  seek  out  the  Hermetic 
Phylosophy  and  the  marvellous  works  of  God,  know  that  that  same 
Spirit  and  minerall  Nature  which  produceth  Gold  in  the  bowells  of  the 
earth  is  also  in  Man.  That  Spirit  in  Gold  is  the  same  with  the  Gene- 
rating Spirit  of  all  creatures,  and  is  the  same  and  onely  Generative 
Nature,  diffused  through  all  thuigs.  This  Spirit  now  hath  assumed  a 
Naturall  body  :  It  is  that  which  first  moveth  and  ruleth  Nature  in  all 
naturall  things,  it  prcsorveth  aU  things,  and  all  inferior  things  by  a  kind 
of  harmonicall  consent  are  governed  by  it.  Albertus  Magnus,  in  his 
Eook  of  Mineralls,  saith  that  gold  may  be  foimd  every  where.  There  is 
not,  saith  he,  that  thing  elementated  of  the  Four  Elements  in  which 
gold  naturally  may  not  be  foimd  in  the  last  subtiliation  thereof.  And 
therefore  the  Phylosophers  say  that  the  Matter  of  their  Mysteiy  may  be 
had  every  where,  because  it  consisteth  in  every  Elementated  thing. 

Gold  has  been  always  mystically  connected  with  the  Divine 
and  Heavenly.  Thus  the  Seven  Heavens  of  the  Hindoos 
(included  with  the  natural  heavens  and  the  earth  into  one 
system)  are  surrounded  by  a  broad  circumference  of  gold. 
This  Golden  Circle  is  the  symbol  of  the  Sun's  sphere,  and  un- 
derstood spiritually,  it  is  the  Divine  Love,  surrounding  and 
containing  all.  The  Wedding  Ring  represents  the  same  thing 
in  miniature.  Thus,  too,  with  the  Jews,  among  the  sacred 
vestments  of  the  High- Priest  (which  hieroglyphicaUy  repre- 
sented the  Universe),  the  Golden  Breastplate  was  fastened  to 
the  Ephod  by  Golden  Rings  and  Golden  Chains ;  and  the  Ephod 
itself  was  girded  on  the  High-Priest  with  a  gorgeous  cincture 
called  the  Golden  Circle. 

The  Golden  Chain  of  Homer  is  sometimes  called  the  Her- 
metic or  Mercurial  Chain,  from  Hermes,  or  Mercury,  among  the 
Ancients  being  the  personification  of  that  pure  -^ther  or  in- 
visible Fire  which  ensouls  or  concatenates  all  things  in  Nature  : 
that  Intellectual  and  Winged  Spirit  which  illuminates,  vivifies, 
and  flashes  through  all  things :  that  Universal  Being  or  Plas- 
tic Spirit  in  Nature :  that  mysterious,  all-pervading,  all-con- 
Btraiuing  Magnetic  Influence,  which  being  itself  One,  unites  in 
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^"1  /i'otean  Forms  of  the  Universe  through  which  it  nassea 
-that  Informing,  Unifying  Spirit,  of  which  Virgil  speaks  -  ' 

Pnncipio  coelum  ac  terras,  camposque  liquentes, 

Lucentemqne  Globum  Lunsc,  Titaniaque  astra 

bpintus  mtus  alit ;  totamque  infusa  per  artus ' 

Mcus  agitat  molem,  et  mag:no  so  corpore  miscet._^«.  lib.  vi 

Know  first  that  heaven  and  earth's  compacted  frame. 

And  flowmg  waters,  and  the  starry  flame 

And  both  the  radiant  lights,  one  common  soul 

Inspires  and  feeds,  and  animates  the  whole 

This  active  mind,  infus'd  through  all  the  space 

Umtes  and  mingles  with  the  mighty  mass.      '  Dryden. 

.A  ^T'7*o^"'  y^^.  ^^y'*''  ^'"-^  of  the  Eastern  Sa^es 

IVf/rA'^^''''/?/"'^  of  Paracelsus,  the  Anima  MunSfl'e 
(-olden  Ck^^^^  of  Homer,  the  Mercury  of  the  Philosopher  ,  the 
foldofthe  Mchevasts  the  Magical  Qxdnte 
the  old  maxim  -All, s  in  Mercury  which  the  Wise  men  seek  " 

The  remanider  of  the  paper  relates  to  the  doctrine  popu- 
larly known  as  "  The  Chain  of  Being."  ^  ^ 

In  conclusion,  we  may  observe,  that  within  the  last  ten 
years  has  been  printed  in  England  a  volume  of  considerable 
extent,  entitled  A  Suggestive  Inquiry  into  the  Hermetic  Mys- 
tery, London  T  Saunders,  1850.  This  work,  which  the  Cor- 
respondent oi  Notes  and  describes  as  *'a  learned  and 
valuable  book, '  is  by  a  lady  (anonymous),  and  has  been  sup- 
pressed by  the  author.  ^ 

By  this  circumstance  we  are  reminded  of  a  concealment  of 
alchemical  practices  and  opinions,  some  thirty  years  since 
when  It  came  to  our  knowledge  that  a  man  of  wealth  and 
position  m  the  metropolis,  an  adept  of  Alchemy,  was  held  in 
terrorem  by  an  unprincipled  person,  who  extorted  from  him  con- 
siderable sums  of  money  under  a  threat  of  exposure. 

Nevertheless,  Alchemy  has,  in  the  present  day,  its  prophetic 
advocates,  who  predict  what  may  be  considered  a  return  to  its 
strangest  belief. 

The  nineteenth  century  has  not  yet  passed  away  ;  and  Dr 
Christopher  Girtanner,  an  eminent  professor  of  Gcittingen,  has 
prophesied,  in  a  memoir  on  Azote,  in  the  Annales  de  Chimie 
No.  100,  that  it  will  give  birth  to  the  Transmutation  of  Metals  'f 
"  In  the  nineteenth  century,"  says  the  Professor,  "the  trans^ 
mutation  of  metals  will  be  generally  known  and  practised. 
Every  chemist  and  every  artist  will  make  gold  :  kitchen  uten- 
sils will  be  of  silver,  and  even  gold,  which  will  contribute  more 
than  any  thing  else  to  prolong  life,  poisoned  at  present  by  the 
oxides  of  copper,  lead,  and  iron,  which  we  daily  swallow  with 
our  food." 


Curiosities  of  Science.  S9 

ALCHEMICAL  EXPERIMENTS  ON  THE  TRANSMUTATION  OF 

METALS. 

In  1857,  Dr.  J.  W.  Draper,  of  New  York,  communicated  to 
the  London  Philosophical  Magazine  the  following  remarkable 
and  suggestive  paper  :  "  No  one  who  has  used  a  Tithonometer 
(for  measuring  the  chemical  action  of  light)  can  have  failed  to 
notice  the  disturbing  effects  of  minute  quantities  of  extraneous 
eases  mingled  with  chlorine  on  photo-chemical  induction.  My 
Attention  has  been  directed  to  that  subject  in  its  more  gene- 
ral aspect ;  and  I  will  ingenuously  confess  that  I  have  made 
several  attempts  at  the  transmutation  of  metals,  on  the  prin- 
ciple of  compelling  them,  by  the  aid  of  solar  light,  to  be  disen- 
gaged from  states  of  combination  in  the  midst  of  resisting  or 
disturbing  media.  .  , 

The  following  is  a  description  of  these  alchemical  attempts 
In  the  focus  of  a  burning-lens  twelve  inches  in  diameter,  was 
placed  a  glass  flask  two  inches  in  diameter,  containing  nitric 
acid  diluted  with  its  own  volume  of  water.  Into  the  nitric 
acid  were  poured  alternately  small  quantities  of  a  solution  of 
nitrate  of  silver  and  of  hydrochloric  acid,  the  object  being  to 
cause  the  chloride  of  silver  to  form  in  a  minutely  divided  state, 
so  as  to  produce  a  milky  fluid,  into  the  interior  of  which  the 
brilliant  convergent  cone  might  pass,  and  the  currents  gene- 
rated in  the  flask  by  the  heat  might  drift  all  the  chloride 
successively  through  the  light.  The  chloride,  if  otherwise  ex- 
posed to  the  sun,  merely  blackens  upon  the  surface,  the  interior 
parts  undergoing  no  change  :  this  difficulty  I  hoped,  there- 
fore, to  avoid.  The  burning-glass  promptly  brings  on  a  decom- 
position of  the  salt,  evolving,  on  the  one  hand,  chlorine,  and 
disengaging  a  metal  on  the  other.  In  one  experiment  the  ex- 
posure lasted  from  11  a.m.  to  1  p.m. ;  it  was  therefore  equal  to 
a  continuous  mid-day  sun  of  seventy-two  hours.  The  metal  was 
disengaged  very  well.  But  what  is  it  ?  It  cannot  be  silver, 
since  nitric  acid  has  no  action  upon  it.  It  burnishes  in  an  agate 
mortar,  but  its  reflection  is  not  like  the  reflection  of  silver  ;  it 
is  yellower.  The  light  must  therefore  have  so  transmuted  the 
original  silver  as  to  enable  it  to  exist  in  the  presence  of  nitric 
acid.  In  1837, 1  published  some  experiments  on  the  nature  of 
this  decomposition  in  the  Journal  of  the  Franklin  Institute. 

Though  this  experiment,  and  several  modifications  of  it, 
which  I  might  relate,  fail  to  establish  any  permanent  change  in 
the  metal  under  trial,  in  the  sense  of  an  actual  transmutation, 
it  does  not  follow  that  we  should  despair  of  final  success.  It 
is  not  likely  that  nature  should  have  made  fifty  elementary 
substances  of  a  metallic  form,  many  of  them  so  closely  resem- 
bling one  another  as  to  be  with  difficulty  distinguished  :  more- 
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ALCHEMY  AND  ASTEOLOGY. 

Rightly  to  appreciate  and  jud^e  of  the  tniP  Tmfnrn  r.t  ai 

a  vast  whole  an  organism,  the  members  of  whi^rsS  fn  «n 

StfTP'^^f  "'^"^  «f  reciprocal  influencr'Vrom  all  the 
ends  of  heaven  the  creative  forces  radiate  towards  the Trth  and 
determnie  earthly  destinies."  {Roger  Bacon.)  -Whenfm^^^^ 
says  Paracelsus,  "  eats  a  bit  of  bread,  does  he  northereii  co,i 
Bume  heaven  and  earth,  and  all  the  heavenly  bodls  inaTmu^h 
as  heaven,  by  its  fertilising  xain,  the  earth  by  itSl  and  thP 

toKduTir^'d'^^^^^  ^aveSrcontribu  ed 

All  that  hnnn^  r^'       ^  w  PI^'""*  substance  ?" 

heaven  l^f  that  TJ^^  ^""f  '^^'"^  ^^^^^^^ers  in 
neaven.  All  that  was  thus  written  in  heaven  must  of  neceq<?itv 
happen  on  earth.  Mars,  Venus,  or  some  other  planet  uSmm 
birth  the  actions  and  the  fortunes  of  indiviLal  men  whX 

'^''l  ^PP^.^r-^««.  were  the  threateilym! 
bols  of  want  and  woe  to  entire  nations.— Z^e^^>.  ^  ^ 

TRANSITION  FROM  ALCHEMY  TO  CHEMISTRY, 

_  When  in  the  simple  notions  of  the  elements  of  the  Alche 
mlst^-lnflammablhty  (sulphur),  fixity  (salt),  and  vola  ilit; 
(mercury)-men  came  to  include  the  special  qualities  of  inflam 
mable  fixed  and  volatile  bodies,  according  as  these  we?e  o^ 
•      U?  ^- 'fl^'       T^'^y?^^^<^^-y  I  oily,  fat,  farthy,  easiry  Jr  dif: 
ficultly  inflammable  sulphur;  earthy,  fusible,  viSeous  Lit  in- 
flammable, fat  oily,  mercurial  earth,  &c.),  then  the  signTficance 
of  the  original  notion  was  lost.    Becoming  too  wid?  and  ex 
tended.  It  no  longer  included  observed  facts  ;  and  when  Bovlc 
searched  after  the  sulphur,  mercury,  and  salt  of  the  Alchemists 
these  elements  no  longer  existed.    The  idea  was  worn  out  S 
a  much  later  penod,  the  notion  of  a  sufi-ocating  property  was 
designated  by  mlp/mreous,  the  combustion  of  a  fixed  bodv  bv 
calci7iaiion  ;  that  is,  these  things  possessed  one  property  in 
common  with  burning  sulphur  or  with  limestone  (cal/)  ^ 
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Hence  it  is  no  longer  possible  to  give  a  definition  of  the 
terms  "acid"  and  "salt"  which  shall  include  all  those  bodies 
which  are  called  acids  or  salts.  We  have  acids  which  are  taste- 
less, and  which  do  not  redden  vegetable  blues,  nor  neutrahse 
the  alkalies  ;  there  are  acids  of  which  oxygen  is  an  ingredient, 
and  hydrogen  is  absent ;  others  which  contain  hydrogen  and 
no  oxygen.  The  notion  of  a  salt  at  last  became  so  perverted, 
that  chemists  have  gone  so  far  as  to  exclude  from  the  class  of 
true  salts,  by  their  definition,  common  sea-salt,  the  salt  of  all 
salts,  to  which  all  others  owe  their  very  name. 

We  can  readily  see  how  easily  a  simple,  defined  notion  be- 
comes undefined  by  the  addition  of  other  notions.  In  the  place 
of  the  worn-out  ideas,  we  obtain,  when  we  begin  to  distin- 
guish, a  number  of  new  and  more  defined  and  separate  ideas. 
It  is  even  possible  that  the  original  idea,  all  but  its  name,  may 
be  lost ;  and  the  time  may  come  when  we  shall  no  longer  find 
an  acid  or  a  salt,  just  as  we  could  not  find  the  sulphur  and  mer- 
cury of  the  Alchemists,  when  these  ideas  were  no  longer  neces- 
sary to  science.  Formerly  their  existence  appeared  obvious  to 
every  man ;  and  they  were  only  sought  for  when  mankind  had 
no  further  occasion  for  them. 

Humboldt  has  the  following  comprehensive  view  of  Al- 
chemy, embodying  a  note  by  Kopp  : 

The  alchemistic  opinions  of  the  middle  ages  regarding  the  compo- 
sition of  metals,  and  the  loss  of  their  brilliancy  by  combustion  in  the 
open  air  (incineration,  calcination),  led  to  a  desire  of  investigating  the 
conditions  by  which  this  process  was  attended,  and  the  changes  ex- 
perienced by  the  calcined  metals,  and  by  the  air  in  contact  with  them. 
Cardanus,  as  early  as  1553,  had  noticed  the  increase  of  weight  that 
accompanies  the  oxidation  of  lead  ;  and,  perfectly  in  accordance  with 
the  idea  of  the  myth  of  Phlogiston,  had  attributed  it  to  the  escape  of 
a  "  celestial  fiery  matter"  causing  levity  ;  and  it  was  not  until  eighty 
years  afterwards  that  Jean  Roy,  a  remarkably  skilful  experimenter  at 
Bergerac,  who  had  investigated  with  the  greatest  care  the  increase  of 
weight  during  the  calcination  of  lead,  tin,  and  antimony,  arrived  at  the 
important  conclusion  that  this  increase  of  weight  must  be  ascribed  to 
the  access  of  the  air  to  the  metallic  calx.  Key,  strictly  speaking,  only 
mentions  the  access  of  air  to  the  oxides ;  he  did  not  know  that  the 
oxides  themselves  (which  were  then  called  the  earthy  metals)  are  only 
combinations  of  metals  and  air.  According  to  him,  the  air  makes  "  the 
metallic  calx  heavier,  as  sand  increases  in  weight  when  water  hangs 
about  it."  The  calx  is  susceptible  of  being  saturated  with  air.  Key's 
work,  indeed,  contains  the  first  approach  to  the  better  explanation 
of  a  phenomenon  whose  more  complete  vmderstanding  subsequently 
exercised  a  favourable  influence  in  reforming  the  whole  of  Chemistry. 

Men  }iad  now  discovered  the  path  which  was  to  lend  them  to  the  Chem- 
istry of  the  fresent  day ;  and  through  it  to  the  knowledge  of  the  great 
cosmical  phenomenon,  viz.  the  connection  between  the  oxygen  of  the 
atmosphere  and  vegetable  life. — See  Cosmos,  vol.  ii.  pp.  729,  730. 

Alchemy,  says  Liebig,  is  one  of  the  three  periods  of  Chem- 
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istry.  In  the  first,  al  the  powers  of  men's  minds  were  devoted 
to  acquiring  a  knowledge  of  the  properties  of  bodies    il  was 

^T^''  ^"'i  ^'^'^'^^  their  peculiar  tfes 

This  is  the  alchemistical  period.  The  second  embraces  tS 
determination  of  the  mutual  relations  or  connection  of  these 
properties  ;  and  this  is  the  period  of  phlogistic  cS  stry  In 
the  third  period  in  which  we  now  are,  we  ascertain  by  weight 
and  measure  and  express  in  numbers,  the  degree  n  which  fhe 
properties  of  bodies  are  mutually  dependent^  The  Tnduct  ve 
sciences  begin  ^ylth  the  substance  itself  j  then  come  just  ideal 
It  theXV^um-' 

ALCHEMY  AND  ALLOTEOPISM. 

The  importance  of  Allotropism,*  i.  e.  the  existencp  of  iha 

J^aiaaay.  in  what  does  chemical  identity  consist?  in  what 
thi^i  '  r^^f^^^. development  of  Allotrojism  end  ?  ,^eTher 
the  so-called  chemical  elements  may  not  be  after  a  Prl 
aUotropic  conditions  of  fewer  univerL  essei^ef  rUeth^^ 
renew  the  speculations  of  the  Alchemists,  the  metels  may  be 
only  so  many  imitations  of  each  other,  by  he  powe?of  Snce 
mutually  convertible  ?    There  was  a'  time  when  Jhis  fuS 

I'^'ie.  «PP°«^d     known  ana- 

logies It  u  now  no  longer  opposed  to  them,  but  only  some  staaes 
beyond  their  present  developments  ^ 

wTiiiT"?  f^l  scientific  developments  of  late  origin 

th  .i  nf?h/A^l^  ^''^'  ^         speculations  analogous  wSh 

those  of  the  Alchemists,  is  the  relation  between  chlorine,  iodine 

bodv  M^'^'-  ^^^-.f^  ^^^^"^  '^'^  ^hat  it  is  possible  foi  one 
body  to  assume,  without  combination,  two  distinct  phases  of 

s?b?ec?to'"AH'/^""'""'  ^'^^^  ''''''  elemeStsTs  are 

subject  to  Allotropism  are  not  the  unchanging  entities  they 
were  once  assumed  to  be  ;  and  now  we  find,  after  our  attentioi 
has  been  led  in  the  direction,  that  the  triad  of  chlorine,  bro- 
mine, and  iodine  not  only  offers  a  well-marked  progression  of 
certain  chemical  manifestations,  but  that  the  same  progression 
IS  accordant  with  the  numeral  exponents  of  their  combining 
weights.  AVe  seem  here  to  have  the  dawning  of  a  new  licrht 
indicative  of  the  mutual  convertibility  of  certain  groups  of 
elements,  although  under  conditions  which  are  as  yet  hidden 
from  our  scrutiny.  ^ 

*,'^^^lf'^'^^^^°'j'PP^^^^^^n^^^fvom  two  Greek  words,  corresponding  as 
marly  as  they  bear  htenil  translation  into  Englisli,  with  the  expressL"  ««f 

ZL^trZ!"?^^"^^^.  ?  ""'■P°^"  «f  expressing  the  existence  of  ceS 
bodies  in  conditions  of  manifestation  different  from  those  which  thev  usual  v 
present,  although  their  chemical  composition  remains  the  same.-^'araday. 
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The  points  or  remarkable  features  of  chlorine,  iodme,  and 
bromine  may  be  thus  sketched.  Their  dangerous  activity  when 
uncombined,  their  quietude  when  held  in  combination,  the 
similarity  of  their  qualities  and  functions,  their  gradation  m 
colour  and  cohesion,  and,  more  than  all,  the  curious  law  which 
the  consideration  of  their  atomic  weights  unfolds,— these  appear 
to  be  the  especial  features  of  this  interesting  triad  of  non-me- 
tallic elements.  . 

Liebig,  in  his  Familiar  Letters,  observes :  In  what  a  singular 
position  do  these  facts  place  science  of  the  present  day,  when 
compared  with  the  opinions  of  the  old  philosophers  and  with 
Alchemy.  The  first  taught  that  the  properties  of  bodies  were 
variable;  and  the  Alchemists  believed  that  all  metals  had  m 
common  a  fundamental  property,  and  that  they  were  actually 
convertible.  We  show  that  two  things,  under  certain  circum- 
stances, are  one  and  the  same,  and  that  we  can  convert  the 
one  into  the  other  as  frequently  as  we  choose. 

One  of  the  most  remarkable  examples  of  metamorphosis  in  the  pro- 
perties of  a  compound  inorganic  body  has  been  discovered  by  Walter 
Crum,  at  Glasgow.  He  found  that  by  continuous  ebullition  of  acetate 
of  alumina  the  salt  was  completely  decomposed,  and  the  acetic  acid  vo- 
latilised. . 

Alumma  in  its  ordinary  state  is  insoluble  in  water,  very  soluble  m 
acids  and  alkalies,  and  absorbs  colouring  matters  from  solutions.  But 
the  modification  of  alumina  discovered  by  "W.  Crum  is  soluble  in  water, 
is  entirely  precipitated  from  a  watery  solution  by  dilute  acids  and 
alkalies,  and  does  not  form  lakes  with  decoctions  of  dye-woods,  but 
is  thrown  down  by  them  in  a  gelatinous,  translucent  form.  Further, 
by  concentrated  acids  and  alkalies,  the  soluble  alumina  is  again  trans- 
formed into  the  insoluble. — Appendix  to  Liebig s  Letters. 

Faraday  has  this  important  conclusion  : 

The  strange  condition  of  AUotropism  awakens  within  us  an  extraor- 
dinary train  of  speculation.  There  was  a  time,  and  that  not  long  ago, 
wben'it  was  held  amongst  the  fundamental  doctrines  of  chemistry  that 
the  same  body  always  manifested  the  same  chemical  qualities,  excepting 
only  such  variations  as  might  be  due  to  the  three  conditions  of  solid, 
liquid,  and  gas.  This  was  held  to  bo  a  canon  of  chemical  philosophy 
as  distinguished  from  Alchemy  ;  and  a  belief  in  the  possibility  of  trans- 
mutation was  held  to  be  impossible,  because  at  variance  with  this  fun- 
damental tenet.  But  we  are  now  conversant  with  many  examples  of 
the  contrary  ;  and  strange  to  say,  no  less  than  four  of  the  non-metallic 
elements,  namely,  oxygen,  sulphur,  phosphorus,  and  carbon,  are  sub- 
ject to  this  modification.  Now  if  the  condition  of  Allotropism  were 
alone  confined  to  compound  bodies, — that  is  to  say,  bodies  made 
up  of  two  or  more  elements,  —we  might  easily  frame  a  plausible  hypo- 
thesis to  account  for  it ;  we  might  assume  that  some  variation  had 
taken  place  in  the  arrangement  of  their  particles.  But  when  a  simple 
body,  such  as  oxygen,  is  concerned,  this  kind  of  hypothesis  is  no  longer 
open  to  us  ;  we  have  only  one  kind  of  particle  to  deal  with,  and  the 
theory  of  altered  position  is  no  longer  applicable.  In  short,  it  does  not 
seem  possible  to  imagine  a  rational  hypothesis  to  explain  the  conditioQ 
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which  start  up  in  every  seienco  in  t pSn  °. 

theories  and  long-received  convictionr  /  °  cherished 
Elements,  pp.  Hg-ie.  '=oavictious.-Zec<Km  on  the  Noji-Metallic 

LIEBIG  ON  THE  CONNECTION  OF  ALCHEMY  AND  CHEMISTEY 

specting  transmutS  of  S^^^^  Alchemists,  re- 

humau  mind  and  Rfro,.Li  ,  ^^^"^^^^^^^'lationofthe 

idea  of  t^  Pliable  In^^  *°  i*-  the 

sal  experience         !i    ^^^angeable  corresponds  with  univer- 

BeShe  Lt%/ucti  '^^^  f      unchangS  . 

chemical  anaS  therp  ^""i*^^  development  of 

opinion  thaU  on  ex  sted  ''''"'i^'  ^^^^^^^  the 

a  blue  or  ffreen  sto^e  nn/  ^  c^PPer  in 

followed  for  th  r  extraction''  "1''^^^^^  ^'''^'''^ 

aLnh,^!?'    /  P^-^sent  day  holds  tKetals 

truf  e  et^^^^^^  'ITI T""''^  undecom^osable  bodiTsf  t 

mine,  and  lodme  ;  and  we  allow  our  so-called^simple  Stance 
to  pass  for  such,  not  because  that  we  know  the7a4  in  reality 
undeconiposable,  but  because  they  are  as  yet  undecomposed^ 
that  IS,  because  we  cannot  yet  demonstrate  their  decoCos- 
abihty  so  as  to  satisfy  the  requirements  of  science  bTwo 

year  1807,  the  alkahes,  alkaline  earths,  and  earths  proper 
were  regarded  as  simple  bodies,  till  Dav^  demonstrated  that 
they  were  compounds  of  metals  with  oxygen 

,  prevailing  ignorance  of  chemistry,  and  especially 

of  Its  history,  which  is  the  source  of  the  very  ludicrous  and 
excessive  estimation  of  ourselves  with  which  iany  look  back 

ablP  f  hof  f  ^  ^^'^^  '  ?  ^"''^  P^^^^ble,  or  even  conceiv- 
able that  for  more  than  a  thousand  years  the  most  learned  and 

could  ,  f  ^f''"^'  SP"^^^''^'  ^i^d  Leibnitz, 

cou  d  have  regarded  as  true  and  well  founded  an  opinion  void 
ot  all  foundation.    On  the  contrary,  must  we  not  suppose,  as  a 
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matter  beyond  a  doubt,  that  the  idea  of  the  transmutability  of 
metals  stood  in  the  most  perfect  harmony  with  all  the  observa- 
tions and  all  the  knowledge  of  that  age,  and  m  contradiction 

to  none  of  these  ?  ^    .         .  i.    a  i  i. 

In  the  first  stage  of  the  development  of  science,  the  AlcHe- 
mists  could  not  possibly  have  any  other  notions  of  the  nature 
of  metals  than  those  which  they  actually  held.  No  others  were 
admissible,  or  even  possible  ;  and  their  views  are  consequently, 
by  natural  law,  inevitable.  We  hear  it  said  that  the  idea  of 
the  Philosopher's  Stone  was  an  error ;  but  all  our  views  have 
been  developed  from  errors,  and  that  which  to-day  we  regard 
as  truth  in  chemistry  may  perhaps  before  to-morrow  be  re- 
cognised as  a  fallacy. 

Almost  eveiy  word  in  a  Manual  of  Chemistry  expresses  an 
observation  or  a  phenomenon.  These  observations  did  not  pre- 
sent themselves  to  the  observer  ;  they  were  laboriously  sought 
for  and  obtained.  What  would  be  the  present  position  of 
science  without  sulphuric  acid,  which  was  discovered  by  the 
Alchemist  more  than  a  thousand  years  ago  ;  without  muriatic 
acid,  nitric  acid,  ammonia,  the  fixed  alkalies,  the  numberless 
compounds  of  metals,  alcohol,  ether,  phosphorus,  or  Prussian 
blue?  It  is  impossible  to  form  a  just  conception  of  the  diffi- 
culties which  the  Alchemists  had  to  overcome  in  their  re- 
searches ;  for  they  were  of  necessity  the  inventors  of  the  ap- 
paratus or  instruments,  and  of  the  processes,  which  served  for 
the  production  of  theii'  preparations  ;  and  they  were  compelled 
to  make  vnth  their  own  hands  every  thing  which  they  em- 
ployed in  their  experiments. 

Alchemy,  Liebig  maintains,  was  never  at  any  time  any 
thing  different  from  Chemistry.  It  is  utterly  unjust  to  con- 
found it  with  the  gold-making  of  the  I6th  and  17th  centuries. 
Among  the  Alchemists  there  was  always  to  be  found  a  nucleus 
of  genuine  philosophers,  who  often  deceived  themselves  in  their 
theoretical  views  ;  whereas  the  gold-makers,  properly  so-called, 
knowingly  deceived  both  themselves  and  others.  Alchemy 
was  a  science,  and  included  all  those  processes  in  which  che- 
mistry was  technically  applied.  The  achievements  of  such 
alchemists  as  Glauber,  Bottger,  and  Kunckel  in  this  direction 
may  be  boldly  compared  to  the  greatest  discoveries  of  our 
century.* 

The  dreams  of  the  Alchemists  (says  Sir  John  Herschel)  led 
them  in  the  path  of  experiment,  and  drew  attention  to  the 
wonders  of  Chemistry,  while  they  brought  their  advocates  (it 
must  be  admitted)  to  merited  contempt  and  ruin.  But  in  this 
case  it  was  moral  dereliction  which  gave  to  ridicule  a  weight 

♦  Selected  and  abridged  from  Licbig's  Familiar  Letters  on  Chemistry,  Fourth 
Edit.,  1859. 
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and  power  not  necessarily  or  naturally  belonging  to  it  But 
among  he  Alchemists  were  men  of  superior  m"nds  who  rea 
oned  while  they  worked,  and  who,  not  content  to  grope  a?™ 
in  the  dark  and  blunder  on  their  subject,  sought  cai-efullv  in 
the  observed  natm^e  of  their  agents  for  guides  it.  thel  pursuit" 
To  these  we  owe  the  creation  of  experimental  philosophy. 

EARLY  EGYPTIAN  CHEMISTRY,  . 
In  1852  Mr  W.  Ilempath,  of  Old  Park,  whilst  unrolling  a 
T^^^  ^l^'f  Institution,  found  on  three  of  the  band! 
ages  hieroglyphical  characters,  of  a  dark  colour,  as  well  defined 
as  if  written  with  a  modern  pen.  Where  the  marking-fluid  had 
flowed  more  copiously  than  the  characters  required,  the  texture 
ot  the  cloth  had  become  decomposed,  and  small  holes  had  re- 
sulted. Mr  Herapath  had  no  doubt  that  the  bandages  were 
genuine,  and  had  not  been  disturbed  or  unfolded.    The  colour 

fnV''\w  ^r'^xl'''  *°         °f       P^-esent  "marking 

ink,    that  Mr.  Herapath  was  induced  to  try  if  they  were  pro- 
duced by  silver.    With  the  blowpipe  he  immediately  obtained 
a  button  of  that  metal ;  the  fibre  of  the  linen  he  proved  by  the 
microscope  and  by  chemical  reagents  to  be  linen.  It  is  therefore 
he  adds,  certain  that  the  ancient  Egyptians  were  acquainted 
with  the  means  of  dissolving  silver,  and  of  applying  it  as  a 
permanent  ink  ;  but  what  was  their  solvent  ?    I  knew  of  none 
that  would  act  upon  the  metal,  and  decompose  flax-fibre  but 
nitric  acid,  which,  we  are  told,  was  unknown  until  discovered 
by  the  Alchemists  in  the  13th  century,  which  was  about  2200 
years  aiter  the  date  of  this  mummy,  according  as  its  super- 
scription was  read.    A  very  probable  speculation  might  be 
raised  upon  this  to  account  for  the  solution  of  the  Golden  Calf 
by  Moses,  who  had  all  his  mundane  knowledge  from  the  Egyp- 
tian priests.    It  has  been  supposed  that  he  was  acquainted 
with  and  used  the  sulphuret  of  potassium  for  that  purpose: 
how  the  inference  arose,  I  know  not.    But  if  the  Egyptians 
obtained  nitric  acid,  it  could  only  have  been  by  the  means  of 
sulphuric  acid,  through  the  agency  of  which,  and  by  the  same 
kind  of  process,  they  could  have  separated  hydrochloric  acid 
from  common  salt.    It  is  therefore  more  probable  that  the 
priests  had  taught  Moses  the  use  of  the  mixed  nitric  and  hy- 
drochloric acids,  with  which  he  could  dissolve  the  statue, 
rather  than  with  a  sulphuret,  which  we  have  no  evidence  of 
their  being  acquainted  with. 

The  yellow  colour  of  the  fine  linen  cloths,  which  had  not  been 
stained  by  the  embalming  materials  (says  Mr.  Herapath),  I  found 
to  be  the  natural  colouring  matter  of  the  flax.  The  Egyptians 
therefore,  if  we  judge  from  this  specimen,  did  not  practise  bleach- 
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in-T  There  were  in  some  of  the  bandages,  near  the  selvage,  some 
twJjuty  or  thirty  blue  threads:  these  were  dyed  by  mdigo;  but 
the  tint  was  not  so  deep  nor  so  equal  as  the  work  of  the  modern 
dyers  ;  the  colour  had  been  given  it  in  the  skem.  One  ot  the 
outer  bandages  was  of  a  reddish  colour,  which  dye  I  found  to 
be  ve<Tetable,  but  could  not  individualise  it.  My  son,  Mr. 
Thornton  Herapath,  analysed  it  for  tin  and  alumina ;  but 
could  not  find  any.  The  face  and  internal  surfaces  of  the 
orbits  had  been  painted  white,  whi6h  pigment  I  ascertained 
to  be  finely  powdered  chalk. 

To  the  above  views  Mr.  Denham  Smith  has  objected,  mas- 
much,  he  says,  as  there  is  no  evidence  to  prove  the  Egyptians 
were  ever  acquainted  with  the  art  of  distillation. 

Mr.  Thornton  Herapath  next  examined  with  a  microscope 
the  stained  fibres  of  the  bandage ;  and  on  making  compara- 
tive experiments  with  a  piece  of  the  linen  wrapper,  recently 
"marked  "  in  the  usual  way  with  a  solution  of  nitrate  of  silver, 
the  fibre  presented  a  very  similar  appearance  to  that  of  the 
ancient  stained  cloth.  Hence  it  is  concluded  that  the  Egyp- 
tians were  really  acquainted  with  nitric  acid,  and  employed 
the  nitrate  of  silver  as  a  marking-fluid.  In  this  view  Dr.  W. 
Camps  has  also  coincided,  in  a  paper  read  to  the  Syro-Egyp- 
tian  Society.  "  If,"  adds  the  Doctor,  "this  were  admitted,  we 
must  then  allow  the  Egyptians  to  have  had  a  more  intimate 
acquaintance  with  chemistry  and  chemical  preparations  than  is 
generally  assigned  even  to  these  very  clever,  intelligent,  and 
ancient  people." 

The  Egyptian  looms  were  famed  for  their  fine  cotton  and  woollen 
fabrics ;  and  many  of  these  were  woi-ked  with  patterns  in  brilliant 
colours,  which  on  dresses  worn  by  women  were  very  varied.  They  were 
mostly  worked  with  the  needle  ;  but  some  were  woven  in  the  piece. 
Of  these  last  were  the  linen  and  cotton  fabrics  with  blue  borders,  the 
threads  having  been  previously  dyed  with  indigo  ;  and  stripes,  or  some 
other  simple  devices,  were  generally  put  into  the  stufif  on  the  loom. 
Some  of  the  stripes  were  of  gold  thread,  alternating  with  red  lines  as  a 
border.  It  was  also  usual  to  embroider  patterns  in  the  staircase  style 
common  in  our  woi-sted-work  ;  and  some  were  made  out  -with  long 
stitches  that  laid  down  the  figures  or  devices  on  the  svu^ace.  Some  of 
these  are  in  the  Louvre.  They  are  mostly  cotton  ;  and  although  their 
date  is  uncertain,  they  suffice  to  prove  that  the  manufacture  was  Egyp- 
tian ;  and  the  many  dresses  painted  on  the  monuments  of  the  eighteenth 
dynasty  show  that  the  most  varied  patterns  were  used  by  the  Egyptians 
more  than  3000  years  ago,  as  they  were  at  a  later  period  by  the  Baby- 
lonians, who  became  noted  for  their  needlework. 

The  Egyptians  had  also  the  secret  of  dyeing  cloths  of  various  colours 
by  means  of  mordants — a  fact  satisfactorUy  proved  by  the  verj'  manner 
in  which  Pliny  describes  a  process  which  he  evidently  did  not  imder- 
stand. — Sir  Gardner  Wilkinson,  The  Egyptians  in  the  time  of  the  Fha- 
raolit. 
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THE  GREAT  AGENTS  OF  CHANGE. 

These  are  gravitation,  cohesion,  motion,  chemical  force  heat 
and  electricity,  which  must,  from  that  hypothetical  time 
when  the  earth  floated  a  cloud  of  nebulous  vapour  in  a  state  of 
gradual  condensation,  up  to  the  present  moment,  have  been 
exercising  their  power  and  regulating  the  mutations  of  mat- 
ter.— Hunt  s  Poetry  of  Science. 

The  quantity  of  work  produced  by  chemical  force  is  in 
general  very  great.  A  pound  of  the  purest  coal  gives,  when 
burnt,  sufficient  heat  to  raifie  the  temperature  of  8086  pounds 
of  water  one  degree  of  the  centigrade  thermometer.  From 
this  we  can  calculate  that  the  magnitude  of  the  chemical  force 
of  attraction  between  the  particles  of  a  pound  of  coal  and  the 
quantity  of  oxygen  that  corresponds  to  it,  is  capable  of  lifting 
a  weight  of  one  hundred  pounds  to  a  height  of  twenty  miles. 
Unfortunately,  in  our  steam-engines  we  have  hitherto  been  able 
to  gain  only  the  smallest  portion  of  this  work,  the  greater  part 
being  lost  in  the  shape  of  heat.  The  best  expansive  engines 
give  back  as  mechanical  work  only  eighteen  per  cent  of  the 
heat  generated  by  the  M.— Professor  Helmholtz. 

ISCPERFECTION  OF  CHEMISTRY. 

The  phenomena  of  chemistry  are  still  more  complicated 
than  those  of  the  science  of  the  stars.  Indeed,  chemistry  is 
still  so  far  from  perfection  that  the  chemist  cannot  construct  a 
particle  of  sugar  or  any  other  organic  substance,  although  he 
knows  the  exact  quantities  of  charcoal  and  water  of  which 
it  is  composed. 

WHAT  IS  APPLIED  CHEMISTRY  ? 

A  knowledge  of  the  composition  of  bodies,  which  enables 
chemists  to  solve  questions  which  a  few  years  ago  were  sup- 
posed to  be  beyond  their  powers.  The  discovery  of  the  com- 
position of  soils  and  of  the  ashes  of  plants  enables  them  to  see 
the  reason  why  one  and  the  same  plant,  grown  without  manure 
in  the  same  soil  for  three,  another  for  seven,  ten,  or  more 
years,  at  length  cease  to  flourish  on  it ;  why  one  field  produces 
wheat,  but  not  beans ;  barley,  but  not  tobacco ;  and  why  from 
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another  a  rich  crop  of  turnips,  but  no  clover  is  obtained. 
Chemistry  explains  the  operation  of  manures,  and  teaches  the 
mode  of  restoring  fertility  to  an  exhausted  soil.  This  is  Applied 
Chemistry. 

Hitherto  scarcely  any  demand  has  been  made  upon  the 
science  of  chemistry  by  arts,  manufactures,  or  physiology  which 
has  not  been  responded  to.  Every  question  clearly  and  defi- 
nitely put  has  been  satisfactorily  answered.  Only  when  the 
inquirer  had  no  precise  idea  of  the  problem  to  be  solved  has 
he  remained  unsatisfied. 

Chemistry  is  the  foundation  of  agriculture,  and  we  cannot 
hope  to  give  a  scientific  form  and  basis  to  this  important  art 
without  a  knowledge  of  the  constituents  of  the  soils  and  of  the 
substances  which  constitute  the  food  of  plants.  Yet  the  che- 
mist was  not  able  until  lately  to  decompose  water,  and  he  still 
labours  in  vain  to  build  up,  out  of  water,  carbon,  and  atmo- 
spheric air,  most  of  the  precious  compounds  which  the  as  yet 
mysterious  actions  of  vegetable  and  animal  life  present  to  us. 
He  cannot  yet  chemically  make  opium,  or  wheat-flour,  or  sugar; 
but  progress  is  being  made  in  that  direction,  for  he  not  only 
knows  that  the  foul,  hon-ibly  offensive  water  which  has  served 
to  wash  or  purify  coal-gas  at  the  gas-works  contains  the  ele- 
ments of  lavender,  camphor,  attar  of  roses,  and  other  perfumes, 
but  he  can  now  extract  a  near  approximation  to  some  of  them  ; 
and,  strange  to  say,  he  can  now  produce  by  his  art  the  exqui- 
site flavour  of  the  strawberry  and  pine-apple,  in  any  climate 
or  scene,  without  aid  from  garden-beds  or  sunshine. 

THE  GREAT  DISCOVERIES  IN  CHEMISTRY. 

Dr.  Neil  has  thus  grouped  these  invaluable  aids  to  civilisa- 
tion. 

A  century  ago  no  person  on  earth  knew  that  there  existed 
in  nature  the  substance  which,  since  Dr.  Priestley's  discovery 
of  it  in  1774,  has  been  named  Oxygen  (so  named  because  of 
its  early  perceived  relation  to  acids),  although  now  students 
soon  learn  that  it  forms  a  large  proportion,  by  weight,  of  a 
majority  of  the  things — whether  solid,  liquid,  or  aeriform, 
living  or  dead — which  men  have  yet  encountered  on  this  globe. 

Nor  did  any  one  then  know  that  Water  is  a  compound  of 
eight  parts  by  weight  of  this  oxygen  and  one  part  by  weight  of 
another  element,  called  Hydrogen  (so  called  because  of  its  re- 
lation to  water) ;  both  of  which  elements,  when  in  their  sepa- 
rate or  insulated  state,  and  at  the  temperature  of  the  earth,  exist 
in  the  form  of  air  or  gas,  and  might  therefore  serve  as  stuffing 
for  air-cushions.  Hydrogen  is  now  popularly  known  as  the 
chief  material  burned  in  our  street-lamps,  and  as  what,  being 
very  light,  is  used  for  filling  balloons. 

SECOND  BEBIEB.  t 
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For  was  it  known  that  all  vegetable  bodies— whether  wood, 
leaves,  or  flowers,  or  fruit  or  seed— consist  chiefly  of  these  two 
elements  of  water  combined  in  diff"erent  proportions  with  an- 
other elementary  substance,  which  has  got  the  name  of  Car- 
bon  (so  called  because  it  was  first  known  as  being  the  chief  part- 
of  coal). 

Nor  was  the  truth  suspected  that  animal  flesh,  and  soft  ani- 
mal substances  generally,  consist  chiefly  of  the  three  component 
parts  of  vegetables  just  named,  with  the  addition  of  a  fourth,, 
called  Nitrogen  (so  called  because  first  obtained  from  nitre) ; : 
which  last,  when  existing  separately,  also  appears  as  an  air  orr 
gas,  and  which,  when  mixed  with  one-fourth  part  by  weight  off 
oxygen,  forms  our  common  atmospheric  air. 

Nor  were  people  aware  that  the  whole  of  the  countless  i 
variety  of  the  material  substances,  including  minerals,  yett 
known  to  man  are  compounds  of  a  very  few  simple  elements ; ; 
of  these  the  four  above  spoken  of  are  a  very  important  portion, , 
joined,  atoms  to  atoms,  in  diflferent  proportions  and  ways,  some-- 
what  as  all  the  words  in  all  the  languages  used  on  earth  arej 
composed  of  a  few  simple  sounds  recalled  by  the  letters  of  ai 
general  alphabet ;  which  atomic  elements,  while  in  themselves  J 
absolutely  unchangeable  and  indestructible,  assume  in  combi-  - 
nation  or  alone  the  three  forms  of  solid,  liquid,  or  gas,  accord-  - 
ing  to  the  quantity  of  heat  pervading  them. 

Nor,  lastly,  was  it  known  that  the  heat  and  light  accom-  ■ 
panying  rapid  combustion  are  efi'ects  of  the  intensity  of  action  i 
with  which  two  or  more  combining  substances  are  at  the; 
moment  uniting  into  chemical  compounds,  one  of  the  burning ; 
substances  generally  being  oxygen  ;  the  same  substance,  how-  • 
ever,  being  also  capable,  under  other  circumstances,  of  com-  • 
bining  slowly  and  quietly,  with  scarcely  sensible  increase  off 
temperature,  and  no  light,  as  when  the  oxygen  of  the  air  is  com-  ■ 
bining  with  exposed  iron  and  converting  it  gradually  into  rust. . 

IMPKOBABILITY  OF  FAMINES. 

Those  frightful  famines  by  which  Europe  used  to  be  ravaged  I 
several  times  in  every  century  have  ceased  (in  the  11th, , 
12th,  and  13th  centuries,  the  average  was,  in  England,  one' 
famine  every  fourteen  years) ;  and  so  successfully  have  we ' 
grappled  with  famines,  that  there  is  not  the  slightest  fear  off 
their  ever  returning  with  any  thing  like  their  former  severity. . 
Indeed,  our  resources  are  now  so  great,  that  we  could,  at  worst, . 
only  suflfer  from  a  slight  and  temporary  scarcity  ;  since,  in  the  ' 
present  state  of  knowledge,  the  evil  would  be  met  at  the  outset : 
by  remedies  which  chemical  science  could  easily  suggest.  Sir  • 
John  Herschel  and  Cuvier  consider  famine,  in  the  present  state  ? 
of  chemistry,  "next  to  impossible." 
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NOTHING  LOST  IN  THE  WORLD. 

Throughout  the  changes  which  are  constantly  taking  place 
in  the  substance  of  our  globe,  and  in  the  living  inhabitants  of 
its  surface,  one  thing  remains  icnchanffed— the  absolute  quantity 
of  each  of  the  elementary  forms  of  matter  ;  for  whatever  may 
be  the  new  chemical  combinations  into  which  they  enter,_  what- 
ever the  new  physical  arrangements  to  which  they  are  subjected, 
their  aggi-egate  is  the  same  now  as  it  was  at  first.  The  re- 
searches of  modern  chemistry  have  most  clearly  established 
that  the  annihilation  of  matter  is  as  impossible  to  man  as  its 
creation  ;  and  that  in  every  instance  in  which  such  a  destruc- 
tion seems  to  be  eflfected,  there  is  in  fact  nothing  but  a  change 
of  form.  Thus,  in  every  act  of  ordinary  combustion,  the  dis- 
appearance of  the  combustible  is  simply  due  to  the  formation 
of  new  compounds  between  its  elements  and  the  oxygen  of  the 
air,  and  to  the  diflfusion  of  these  compounds  through  the  at- 
mosphere ;  the  decay  of  organised  bodies  being  merely  a  slower 
kind  of  combustion,  whose  products  are  essentially  the  same  in 
kind,  and  are  disposed  of  in  like  manner.  When  we  inquire 
into  the  nature  and  origin  of  either  class  of  substances,  we  find 
that  this  dissemination  of  their  materials  through  the  atmo- 
sphere merely  restores  to  it  what  was  originally  taken  from  it 
by  the  agency  of  living  beings ;  thus  completing  a  cycle  of 
most  marvellous  nature. — National  Review,  No.  8. 

WHAT  IS  AN  ELEMENT  ? 

Mr.  Faraday,  in  his  admirable  Lectures  on  the  Non-metallic 
Elements,  says  :  "Let  me  remark  that  the  word  'Element'  is 
only  to  be  accepted  in  a  provisional  sense.  Chemists  are  not 
without  a  hope  —  a  hope  that  we  trust  is  not  irrational — of 
being  enabled  to  effect  changes  on  some  of  these  so-called  ele- 
mentary forms.  The  phenomena  of  allotropism  seem  to  afford 
rational  ground  for  this  hope  ;  and  thus  we  are  unconsciously 
brought  back  into  tracks  of  thought  and  action  having  some 
similitude  to  the  doctrines  of  alchemy; — similar,  though  not 
identical ;  not  the  transmutation  of  base  metals  into  gold,  but 
transmutation  nevertheless  of  a  certain  kind. 

In  pursuing  this  field  of  speculation,  there  is  reason  to  be- 
lieve we  should  derive  much  information  as  to  the  intimate 
nature  of  these  non-metallic  elements,  if  we  could  succeed  in 
obtaining  hydrogen  and  nitrogen  in  the  liquid  or  solid  form. 
Many  gases  have  been  liquefied  :  one,  carbonic-acid  gas,  has 
been  solidified  ;  but  hydrogen  and  nitrogen  have  resisted  all 
our  efforts  of  this  kind.  Hydrogen,  in  many  of  its  relations, 
acts  as  though  it  were  a  metal ;  could  it  be  obtained  in  a  liquid 
or  solid  condition,  the  doubt  might  be  settled.  This  great  pro- 
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blem,  however,  has  yet  to  be  solved ;  nor  should  we  look  with 
hopelessness  on  this  solution,  when  we  reflect  with  wonder 
and,  as  I  do,  almost  with  fear  and  trembling,  on  the  powers  of 
investigating  the  hidden  qualities  of  these  elements— of  ques- 
tioning them,  making  them  disclose  their  secrets  and  tell  their 
tales — given  by  the  Almighty  to  man  !" 

Dr.  George  Wilson  has  thus  stated  the  case  :  "  Our  globe 
including  the  atmosphere,  and  the  ocean  with  its  ti-ibutary 
waters,  consists,  in  very  unequal  proportions,  of  some  sixty- 
three  substances,  which,  according  to  our  present  knowledge, 
are  simple  or  elementary.  Of  these  chemical  elements,  less 
than  a  third  are  found  distributed  throughout  the  entire  Vege- 
table and  Animal  Kingdoms.  Of  this  fractional  third,  one-half 
occur  only  in  small  quantity,  so  that  the  greater  part  of  the 
bulk  and  weight  of  plants  and  animals  is  made  up  of  one-fifth 
or  one-sixth  of  the  whole  elements  j  and  the  greatest  part  con- 
sists but  of  three,  carbon,  hydrogen,  and  oxygen." 

"  THE  ONE  ELEMENT." 

Curious  relations  (says  Mr.  Hunt),  which  can  be  traced 
through  certain  bodies,  lead  us  to  believe  that  they  may  be 
only  modified  conditions  of  one  element.  Flint  and  charcoal 
do  not  at  first  appear  allied  ;  but  carbon,  in  some  of  its  states, 
approaches  very  near  to  the  condition  of  silicon,  the  metallic 
base  of  flint.  When  we  remember  the  diflFerences  which  are 
evident  in  three  forms  of  one  body— coke,  graphite,  and  dia- 
mond,— the  dissimilitude  between  flint,  a  quartz  crystal,  and 
carbon  will  cease  to  be  a  strong  objection  to  the  speculation. 
— Poetry  of  Science. 

In  1842,  Mr.  Grove  said,  in  a  lecture  at  the  Royal  Institu- 
tion :  "Light,  heat,  electricity,  and  magnetism,  motion  and 
chemical  affinity,  are  all  convertible  material  affections :  as- 
suming any  one  as  a  cause,  one  of  the  others  will  be  the  effect. 
Thus  heat  may  be  said  to  produce  electricity,  electricity  to 
produce  heat ;  magnetism  to  produce  electricity,  electricity 
magnetism  ;  and  so  of  the  rest.  Cause  and  effect,  therefore, 
in  their  relation  to  such  forces,  are  words  solely  of  conveni- 
ence ;  we  are  totally  unacquainted  with  the  generating  power 
of  each  and  all  of  them,  and  probably  shall  ever  remain  so.  We 
can  only  ascertain  the  nonnal  of  their  action ;  we  must  humbly 
refer  their  causation  to  one  Omnipresent  influence,  and  con- 
tent ourselves  with  studying  their  effects,  and  developing  by 
experiment  their  mutual  relations. " 

"  I  harve  long  held  an  opinion,"  said  Mr.  Faraday  in  1845, 
"  almost  amounting  to  conviction,  in  common,  I  believe,  with 
many  other  lovers  of  natural  knowledge,  that  the  various  forms 
under  which  the  forces  of  matter  are  made  manifest  have  a 
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common  origin,  or,  in  other  words,  are  so  directly  related  and 
mutually  dependent,  that  they  are  convertible  one  into  an- 
other." 

MATEEIALS  OF  THE  GLOBE. 

The  metallic  elements  constitute  a  large  majority  of  the 
whole,  only  thirteen  of  the  sixty-three  being  non-metallic ;  and 
from  within  the  limits  of  this  narrow  range  of  only  sixty-three 
has  Omnipotence  selected  the  materials  which  compose  our 
globe,  and  the  living  beings  which  inhabit  it ;  out  of  these  all  the 
diversified  forms  and  beings  of  the  world  are  made.  From  the 
dense  masses  of  rocks  and  mountains  amongst  inanimate  things, 
to  the  fleeting  atmosphere  which  surrounds  us ;  from  the  simpler 
forms  of  animal  or  vegetable  life  to  the  most  highly  organised, 
however  diflferent  one  from  another  in  aspect  or  in  functions, 
— they  have  all  been  created  out  of  these  elements  in  the  sixty- 
three.  Nor  is  this  all.  By  a  wonderful  power  of  adaptation, 
which  bespeaks  Omnipotence,  our  earth  and  its  inhabitants  are 
not  made  up  of  these  sixty-three  bodies  equally  distributed, 
but  by  far  the  greatest  portion  of  terrestrial  matter  is  composed 
of  the  thirteen  non-metallic  elements ;  and,  yet  more  strange, 
nearly  two-thirds  of  the  whole  material  terrestrial  universe, 
organic  and  inorganic,  are  composed  of  one  alone  of  these  sim- 
ple non-metallic  elements — Oxygen.  How  great,  then,  must 
be  the  power  of  adaptation  imposed  on  these  elements,  by 
which  they  are  made  to  discharge  so  many  functions,  and  to  ap- 
pear under  so  many  different  forms  ! — Faraday/. 

An  acute  writer  in  the  National  Review,  No.  8,  has  thus 
illustrated  this  view  :  "  When  the  term  of  the  existence  of 
vegetation,  either  wholly  or  in  part,  has  been  completed,  if  air 
be  partially  secluded,  the  process  of  decay  is  less  complete ; 
various  new  compounds  are  formed,  which  are  rich  in  carbon 
and  hydrogen,  but  poor  in  oxygen,  and  are  therefore  eminently 
combustible  :  yet  these  have  a  character  of  permanence  which 
indisposes  them  to  spontaneous  change  ;  and  the  products  of 
the  partial  decay  of  a  past  vegetation  may  remain  stored  up  in 
the  depths  of  the  earth  for  an  unlimited  period,  until  the  inge- 
nuity of  man  turns  them  to  his  own  account.  There  are  com- 
paratively few  to  whom  it  occurs,  when  they  are  warming  them- 
selves over  the  winter-fire,  or  watching  the  fuel  thrown  into 
some  vast  steam-engine,  that  the  combustion  that  cheers  them 
by  its  genial  glow,  or  generates  a  power  of  a  thousand  horses, 
18  giving  back  to  the  atmosphere,  in  the  form  of  carbonic  acid 
and  water,  the  identical  carbon  and  hydrogen  which  were  drawn 
from  it  by  the  luxuriant  vegetation  of  the  primeval  world. 
Yet  nothing  is  more  certain  than  that  all  coal  was  once  air, 
and  that  it  was  the  flora  of  the  carboniferous  period  which  soli- 
dified it," 
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HARMONY  OF  CREATION. 

The  world  with  its  ponderable  constituents,  dead  and  living, 
is  made  up  of  natural  elements,  endowed  with  nicely-balanced 
aflFections,  attractions,  or  forces.  Elements  the  most  diverse, 
of  tendencies  the  most  opposed,  of  powers  the  most  varied,— 
some  so  inert,  that,  to  a  casual  observer,  they  would  seem  to 
count  for  nothing  in  the  grand  resultant  of  forces ;  some,  on 
the  other  hand,  endowed  with  qualities  so  violent,  that  they 
would  seem  to  threaten  the  stability  of  creation ;  yet  when 
scrutinised  more  narrowly,  and  examined  with  relation  to  the 
parts  they  are  destined  to  fulfil,  all  are  found  to  be  accordant 
with  one  great  scheme  of  harmonious  adaptation.  The  powers 
of  not  one  element  could  be  modified  without  destroying  at 
once  the  balance  of  harmonies,  and  involving  in  one  ruin  the 
economy  of  the  world  ! 

Look,  for  example,  at  the  shells  of  sea  moUusca  :  nearly  one- 
half  of  their  weight  is  carbonic  acid.  Gradually  it  has  been 
collected  from  the  surrounding  medium,  has  pervaded  the  sys- 
tems of  these  delicate  creatures,  has  circulated  in  their  fluids, 
has  combined  with  lime,  and  finally  been  deposited  by  their 
mantles  in  the  form  of  a  shell.  Had  carbonic  acid  been  corro- 
sive, this  could  not  have  been.  Carbonic  acid  would  have,  in 
that  case,  become  totally  unadapted  to  the  performance  of  its 
destined  end. — Faraday. 

COMPENSATING  FORCES  IN  CREATION. 

Dr.  Maury  thus  strikingly  illustrates  the  admirable  system 
of  compensation,  and  the  beauty  and  nicety  with  which  things 
and  principles  are  meted  out  in  directions  apparently  the  most 
opposite,  but  in  proportions  are  exactly  balanced.  Thus,  by 
the  action  of  opposite  and  compensating  forces,  the  earth  is 
kept  in  its  orbit,  and  the  stars  are  held  in  suspension  in  the 
azure  vault  of  heaven  ;  and  these  forces  are  so  exquisitely  ad- 
justed, that,  at  the  end  of  a  thousand  years,  the  earth,  the  svm, 
and  moon,  and  every  star  in  the  firmament,  is  found  to  come 
and  stand  in  its  proper  place  at  the  proper  moment. 

When  the  little  snowdrop  was  created,  the  whole  mass  of 
the  earth,  from  pole  to  pole,  and  circumference  to  centre,  must 
have  been  taken  into  account  and  weighed,  in  order  that  the 
proper  degree  of  strength  might  be  given  to  its  tiny  fibres. 

NUMBERS  IN  NATURE. 

Physical  Science  shows  that  numbers  have  a  significance  in 
every  department  of  nature. 

Two  appears  as  the  typical  number  in  the  lowest  class  of 
plants,  and  regulates  the  pairing  or  marriage  of  plants  and 
animals. 
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Three  is  the  characteristic  number  of  that  class  of  plants 
which  has  parallel  veined  leaves,  and  is  the  number  of  joints  in 
the  typical  digit. 

Four  is  the  significant  number  of  those  beautiful  crystals 
which  show  that  minerals  as  well  as  stars  have  their  geometry. 

Five  is  the  model  number  of  the  highest  class  of  plants,  with 
reticulated  veins  and  branches  ;  is  the  typical  number  of  the 
fingers  and  toes  of  vertebrate  animals,  and  is  of  frequent  oc- 
currence among  star-fish. 

Six  is  the  proportion  number  of  carbon  in  chemistry,  and 
3  X  2  is  a  common  number  in  the  floral  organs  of  monocotyle- 
donous  plants,  such  as  lilies. 

/Seven  appears  as  significant  only  in  a  single  order  of  plants 
{Eeptcmdria)  ;  but  has  an  importance  in  the  animal  kingdom, 
where  it  is  the  number  of  vertebrae  in  the  neck  of  mammalia  ; 
and,  according  to  Edwards,  the  typical  number  of  rings  in  the 
head,  in  the  thorax,  and  in  the  abdomen  of  Crustacea. 

Eight  is  the  definite  number  in  chemical  composition  for 
oxygen,  the  most  universal  element  in  nature,  and  is  very  com- 
mon in  the  organs  of  sea-jellies. 

Nine  seems  to  be  rare  in  the  organic  kingdom. 

Ten,  or  5x2  is  found  in  star-fishes,  and  is  the  number  of 
digits  in  the  fore  and  hind  limbs  of  animals. 

Without  going  over  any  more  individual  numbers,  we  find 
multiple  numbers  acting  an  important  part  in  chemical  compo- 
sitions and  in  the  organs  of  flowers  ;  for  the  elements  unite  in 
multiple  relations,  and  the  stamens  are  often  the  multiples  of 
the  petals.  lu  the  arrangement  of  the  appendages  of  the  plant 
we  have  a  strange  series,  ],  2,  3,  6,  8,  13,  21,  34,  which  was 
supposed  to  possess  virtues  of  an  old  date,  and  before  it  was 
discovered  in  the  plant.  In  natural  philosophy,  the  highest 
law,  that  of  forces  acting  from  a  centre,  proceeds  according  to 
the  square  of  numbers.  In  the  curves  and  relative  length  of 
branches  of  plants  there  are  evidently  quantitative  relations 
which  mathematics  has  not  been  able  to  seize  and  express. 

UNITY  OF  THE  DEITY. 

In  examining  the  human  structure,  and  comparing  it  with 
that  of  animals  in  general,  a  new  and  grand  evidence  has  been 
afforded  of  the  unity  of  the  Divine  action  ;  supplying  the  last 
argument  required,  and  left  untouched  by  the  famous  Cudworth, 
to  refute  the  old  atheistic  doctrine  of  Democritus  and  his  fol- 
lowers, who,  it  will  be  remembered,  resolved  the  existence  of 
men  and  animals  into  the  fortuitous  concourse  of  atoms — by 
demonstrating  the  existence,  in  the  Divine  mind,  of  pattern, 
or  plan,  prior  to  its  manifestation  in  the  creatioii  of  man. 
"  The  evidence  of  unity  of  plan  in  the  structure  of  animals 
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testifies  to  the  oneness  of  their  Creator,  as  the  modifications  of 
the  plan  for  different  modes  of  life  illustrate  the  beneficence 
of  the  designer."* 

Man  is  no  longer  regarded  as  though  he  were  distinct  in  his 
anatomy  from  all  the  rest  of  the  animal  creation  ;  but  his  struc- 
ture  IS  perceived  to  be  an  exquisite  modification  of  many  other 
structures,  the  whole  of  which  have  been  now  recognised  aa 
modifications  of  one  and  the  same  general  pattern.  Every  one 
of  the  260  bones  which  may  be  enumerated  in  the  human 
skeleton  can  be  unerringly  traced  in  the  skeletons  of  many 
hundred  inferior  animals ;  and  the  human  anatomist  of  our 
day  begins  to  comprehend  the  nature  of  his  own  structure  in  a 
way  never  dreamed  of  by  his  predecessors.— >S.  Warren's  Lec- 
ture on  Intellectual  and  Moral  Develo-pvient  of  the  'present  Age. 

Nearly  sixty  years  since  Paley  wrote  :  '*  Of  the  unity  of  the 
Deity,  the  proof  is  the  uniformity  of  plan  observable  in  the  sys- 
tem," bespeaking  "the  same  creation  and  the  same  Creator;" 
almost  prophetic  words,  which  have  been  so  strikingly  illus- 
trated by  the  superior  science  of  the  present  day.  ^ 

WHAT  IS  ATMOSPHERIC  AIR  ? 

The  term  Atmospheric  Air  conveys  to  the  mind  of  the  chem- 
ist the  idea  of  a  number  of  properties.    No  mortal  eye  has  ever 
seen  a  particle  of  air ;  for  sight  presupposes  a  certain  effect 
produced  on  the  eye,  which  particles  of  air  are  quite  incapable 
of  producing.    They  possess,  however,  other  properties,  which 
chemistry  brings  to  view,  and  by  which  the  chemist  not  only 
ascertains  their  presence  when  they  escape  the  notice  of  others 
but  he  is  also  enabled  by  them  to  show  that  this  invisible,  im- 
palpable material  consists  of  several  other  equally  invisible  sub- 
stances. By  his  exact  knowledge  of  the  properties,  he  can  sepa- 
rate them  from  each  other,  weigh  them,  and  make  their  presence 
manifest  to  others.  He  is  able  to  show  that  the  air  which  burn? 
in  our  street-lamps  consists  of  five  or  six  totally  different  airs. 
He  points  out,  in  a  constituent  of  atmospheric  air,  employed  in 
respiration,  one  of  the  most  indispensable  requisites  for  animal 
life  ;  and  in  a  product  of  respiration,  one  equally  important  to 
vegetable  life.    He  exhibits  the  intimate  connection  between 
the  visible  and  invisible  material  world,  of  the  existence  of 
which  our  ancestors  had  no  idea.    He  is  enabled  to  do  all  this 
by  his  knowledge  of  the  peculiar  properties  of  these  bodies, 
acquired  by  the  means  of  visible  phenomena,  or  such  as  can  be 
recognised  by  the  senses.  He  must  first  bring  these  substances 
in  contact  with  others  to  render  these  phenomena  manifest ; 
but  when  he  has  done  this,  they  then  become  more  distinct 

*  See  the  Archetype  and  Homologies  of  the  Vertebrate  Skeleton,  &c.,  by  Richard 
Owen,  F.R.8. 
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than  the  tones  of  a  chord  when  struck,  and  as  intelligible  as 
the  black  lines  and  characters  which  convey  to  a  far  distant 
friend  our  invisible  thoughts. — Liebig's  Familiar  Letters. 

CHEMICAL  COMPOSITION  OF  THE  ATMOSPHEEE. 

When  we  reflect  upon  the  number  of  gases  and  vapours 
that  are  disengaged  on  the  surface  of  the  globe  from  all  the 
decompositions  of  the  great  animal  and  vegetable  kingdoms, 
together  with  all  the  poisonous  matter  of  infectious  disease,  we 
might  expect,  at  least,  to  find  a  long  list  of  elements  in  the 
analysis  of  the  atmosphere.  But  not  so.  Oxygen,  nitrogen, 
vapour  of  water,  and  a  small  fraction  of  carbonic-acid  gas,  are 
all  at  present  detected.  This  is  the  same  in  town  or  country, 
on  the  plain  or  the  mouri  tain-top ;  or  perhaps  it  would  be 
more  correct  to  say,  chemistry  is  not  yet  sufliciently  advanced 
to  detect  the  diflFerence.  Surely  the  air  that  sweeps  the  Pon- 
tine marshes,  branding  the  native  of  that  treacherous  climate 
with  the  appearance  of  age  in  his  youth,  or  that  air  which  sur- 
rounds the  pallid  sedentary  mechanic  in  the  densely  populated 
city,  cannot  be  the  same  which  gives  the  sailor  and  the  rustic 
farmer  such  a  ruddy  countenance.  Therefore,  at  present,  the 
best  test  of  the  purity  of  an  atmosphere  is  its  effect  on  the  con- 
stitution. In  100  parts  of  atmospheric  air  there  are  twenty- 
three  parts  of  oxygen  gas,  and  seventy-seven  of  nitrogen  (Dumas 
and  Boussiugault).  The  quantity  of  carbonic-acid  gas  is  vari- 
able :  from  the  mean  of  various  experiments  it  exists  in  the 
proportion  of  one  volume  in  2000  of  atmospheric  air.  This 
proportion  is  greater  near  the  level  of  the  sea  in  summer  than 
in  winter,  and  greater  during  the  night  than  during  the  day, 
and  rather  more  abundant  on  the  summit  of  mountains  than 
on  the  plains. — Journal  of  Public  Health. 

Davy's  eakly  dream. 
Humphry  Davy,  when  nineteen  summers  old,  among  other 
things,  concluded  that  oxygen,  as  it  exists  in  the  atmosphere, 
is  a  compound  of  real  oxygen  and  a  matter  of  light ;  that  when 
a  taper  burns,  this  light  is  set  free,  while  the  wax  unites  with 
the  actual  oxygenous  principle  of  oxygen,  and  melts  "into 
thin  air."  That  when  a  man  inspires,  this  "  phos-oxygen" 
(such  was  the  name  he  put  upon  the  ordinary  oxygen  of  the 
atmosphere)  is  absorbed  by  the  blood,  carried  to  the  brain,  and 
there  decomposed  into  true  oxygen  and  light;  and  that  the 
light  thus  liberated  within  the  most  intimate  recesses  of  "  the 
golden  bowl,"  from  which  the  stream  of  higher  life  appeared  to 
permeate  the  body,  is  the  nervous  energy,  and  the  proximate 
cause  of  sensation,  perception,  and  emotion,  m  sad  and  sober 
truth,  the  enthusiast  was  then  a  materialist  j  and  this  dazzling 
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vision,  which  sanctified  the  divinity  of  nature  to  his  kindled 
imagination,  was  a  compromise  between  his  impersonal  piety 
and  the  eminently  practical  but  brilliant  science  by  which  he 
was  taken  captive. — North  British  Review,  No.  3. 

MATERIALITY  OF  HEAT. 

How  much  the  progress  of  science  depends  on  the  mode  in 
which  phenomena  are  interpreted  by  the  first  observers,  is 
strikingly  illustrated  in  the  case  of  certain  experiments  of 
Robert  Boyle.  He  observed  that  when  copper,  lead,  iron,  and 
tin  were  heated  to  redness  in  the  air,  a  portion  of  calx  was 
formed,  and  there  was  a  constant  and  decided  increase  of  weight. 
{Exferiments  to  make  Fire  and  Flame  ponderable,  1673.)  This 
experiment  he  repeated  with  lead  and  tin  in  glass  vessels  her- 
metically sealed,  and  found  still  an  increase  of  weight ;  but 
observed  further  that  when  the  ' '  sealed  neck  of  the  retort  was 
broken  off,  the  external  air  rushed  in  with  a  noise."  {Addi- 
tional Experiments,  No.  v. ;  and  a  Discovery  of  the  Perviousness 
of  Glass  to  ponderable  parts  of  Flame,  exp.  iii.)  From  this  he 
reasoned  correctly,  that  in  calcination  the  metal  lost  nothing 
by  drying  up,  as  was  generally  supposed,  or  that  if  it  did,  "  by 
this  operation  it  gained  more  weight  than  it  lost."  (Coroll.  ii.) 
But  this  increase  of  weight  he  attributed  to  the  fixation  of  heat, 
stating  it  as  "plain  that  igneous  particles  were  trajected 
through  the  glass,"  and  that  "  enough  of  them  to  be  manifestly 
ponderable  did  permanently  adhere."  Had  he  weighed  the 
sealed  retort  before  he  broke  it  open,  he  must  have  concluded 
that  the  metal  had  increased  in  weight  at  the  expense  of  the 
enclosed  air.  He  stood,  in  fact,  at  the  very  brink  of  the  Pneu- 
matic Chemistry  of  Priestley ;  he  had  in  his  hand  the  key  to 
the  great  discovery  of  Lavoisier,  How  nearly  were  these  philo- 
sophers anticipated  by  a  whole  century,  and  the  long  inter- 
regnum of  phlogiston  prevented!  On  what  small  oversights 
do  great  events  in  the  history  of  science,  as  of  nations,  depend  ! 
— Frof.  Johnstone^  Proc.  British  Assoc.  vol.  vii. 

CHEMICAL  AGENCIES  OF  LIGHT. 

In  by  far  the  larger  number  of  cases  in  which  light  is 
evolved,  its  manifestations  can  be  directly  traced  to  chemical 
combinations  ;  whilst,  conversely,  light  is  often  a  most  powerful 
agent  in  bringing  about  chemical  change.  In  fact,  it  may  be 
doubted  whether  light  does  not  alter  the  structure  or  com- 
position of  all  matter  through  which  it  passes,  or  on  which  it 
falls.  Upon  such  an  alteration  depend  not  only  all  the  pheno- 
mena of  photography,  and  numerous  chemical  changes  of  a 
most  important  character,  but  also  the  sustentation  of  all 
organic  life  and  our  own  sensibility  to  visual  phenomena  For 
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it  is  by  the  extraordinary  influence  of  light  upon  the  surface  of 
The  growing  plant,  that  it  is  able  to  separate  the  anorganic  ele- 
ments of  water,  carbonic  acid,  and  ammonia  and  to  unite  them 
iuto  those  new  and  peculiar  compounds-starch  oil,  albumen 
and  their  derivatives,  which  serve  not  only  for  the  extensu^^n  of 
the  vegetable  fabric,  but  also  for  the  nutrition  of  the  animal 
body;  so  that  without  light,  as  Lavoisier  truly  said,  nature 
were  without  life  and  without  soul.  That  the  influence  of 
light  is  exerted  in  providing  the  material  for  vegetable  growth 
by  quasi-chemical  action,  is  capable  of  proof  by  the  direct 
experiment,  that,  ceteris  paribus,  the  quantity  of  carbonic  acid 
decomposed  by  a  plant  in  a  given  time  is  proportioned  to  the 
amount  of  light  that  has  fallen  upon  it.— Mtional  Review, 
No.  8. 

EFFECT  OF  COLOUEED  LIGHT  ON  GEEMINATION. 

Mr  Lawson  of  Edinburgh  has  been  accustomed  to  ascer- 
tain the  commercial  value  of  seeds  by  experimental  gernnna- 
tion  and  so  to  determine  their  value  in  the  market,  ihe 
process  ordinarily  occupies  from  twelve  to  fifteen  days ;  but 
Mr  Lawson  found  that  by  using  blue  glass  he  was  enabled  to 
determine  the  value  of  the  seeds  in  two  or  three  days,  which  is 
to  him  a  saving  of  500^.  a  year. 

Mr.  J.  H.  Gladstone  gives  us  the  results  of  hyacinths  grown 
under  very  varied  influences  of  light,  and  solar  heat,  and 
chemical  agency  :  that  the  yellow  ray  diminishes  the  growth  of 
rootlets  and  the  absorption  of  water  ;  the  red  ray  hinders  the 
proper  development  of  the  plant ;  and  total  darkness  causes  a 
Kipid  and  abundant  growth  of  their  rootlets,  and  prevents  the 
formation  of  the  green  colouring-matter,  but  not  that  of  the 
blue  flower,  nor  of  the  other  constituents  of  a  healthy  plant. 

It  has  been  observed  that  blue  rays  retard  germination  at 
first,  although  they  probably  accelerate  the  growth  of  the  plant 
afterwards  ;  the  act  of  germination  being  attended  with  absorp- 
tion of  oxygen,  but  the  process  of  development  being,  on  the 
contrary,  attended  with  the  extrication  of  this  gas. 

COLORIFIC  EFFECT  OF  THE  STJN's  KAYS. 

The  power  of  the  solar  rays  in  developing  fine  colours  is 
perhaps  best  seen  on  the  sides  of  apples,  peaches,  <fec.,  which, 
exposed  to  the  midsummer  sun,  become  highly  coloured. 

During  the  winter  of  1851,  a  wall-flower  afforded  Mr.  Adie 
of  Liverpool  a  proof  of  the  like  efi'ect :  in  the  dark  months 
there  was  a  slow  succession  of  one  or  two  flowers  of  uniform 
pale-yellow  hue  ;  in  March  streaks  of  a  darker  yeUow  colour 
appeared  on  the  flowers,  and  continued  slowly  to  increase,  till 
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colours^        were  variegated  brown  and  yellow  of  rich  strong 

THE  COLOUBING  OF  FLOWERS. 

.  ^- J"tsch,  the  German  botanist,  has  shown  that  the  colour- 
ing of  flowers  is  intimately  connected  with  the  alternations  of 
the  seasons.  In  Germany,  he  finds  that  invariably  the  number 
of  flowers  increases  from  December  to  July.  White  flowers  are 
the  most  numerous  during  the  whole  of  the  year  when  plants 
are  in  blossom;  then  come  yellow,  orange,  blue,  violet,  green, 
and  lastly,  the  mdigo  flowers,  which  are  the  most  uncommon. 

•IT,  7u  increase  of  flowering  is  closely  connected 

with  the  mean  temperature ;  but  from  time  to  time  anomalies 
are  exhibited  which  change  of  temperature  alone  can  explain  • 
such  IS  the  rapid  decrease  of  the  number  of  flowering  plants 
n^u   I *°  August.    Prom  Januaiy,  when 

all  the  flowers  are  white,  to  the  vernal  equinox,  the  relative 
number  of  white  flowers  rapidly  decreases  j  after  which  the  pro- 
portion increases  tiJl  the  middle  of  May,  and  then  insensibly 
diminishes  till  the  season  of  frosts.  Setting  aside  the  very  few 
yeUow  flowers  which  appear  in  February  and  March,  the  pro- 
portion of  flowers  of  that  colour  increases  from  the  beginnin'^ 
•tIi"^  *°  of  June  ;  then  it  remains  stationary  till  the 

middle  of  August,  after  which  it  increases  again  till  the  frosts. 
The  proportional  number  of  red  flowers  gradually  diminishes 
from  February  to  the  end  of  April ;  increasing  till  the  end  of 
August,  after  which  it  decreases  till  October ;  it  then  rises 
again  till  November,  when  most  of  the  cultivated  flowers  are 
of  that  colour.  The  green  or  greenish  flowers  diminish  in 
number  from  March  till  the  end  of  May,  after  which  the 
proportion  is  about  uniformly  maintained  till  winter.  Blue 
flowers  increase  till  the  middle  of  April ;  then  decrease  till 
the  summer  solstice,  and  next  ascend  to  the  number  reached 
in  April,  after  which  they  rapidly  decrease,  and  totally  cease 
on  the  arrival  of  frosts. 

_A  table  of  these  observations  shows  that  each  colour  rises 
twice,  and  decreases  twice.  Whenever  the  M'hite  flowers  in- 
crease, the  yellow  decrease,  and  vice  versd.  The  red  and  green 
always  correspond,  as  do  the  blue  and  violet  flowers.  In  con- 
clusion, these  laws  apply  to  species,  not  to  individuals. 

THEOEY  OF  RESPIRATION. 

A  man's  chest  contains  nearly  200  cubic  inches  of  air  ;  but 
in  ordinary  breathing  he  takes  in  at  one  time  and  sends  out 
again  only  about  20  cubic  inches,  the  bulk  of  a  full-sized 
orange  ;  and  he  makes  about  15  inspirations  in  a  minute.  He 
vitiates,  therefore,  in  a  minute  about  the  sixth  part  of  a  cubic 
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foot  ;  but  which,  mixing,  as  it  escapes,  with  many  times  as 
much  of  the  air  around,  renders  unfit  for  respiration  three  or 
four  cubic  feet.  The  removal  of  this  impure  air,  and  the  sup- 
ply in  its  stead  of  fresh  air,  is  accomplished  thus  :  the  air 
which  issues  from  the  chest,  being  heated  to  near  the  tempera- 
ture of  the  living  body,  viz.  98  degrees,  and  being  thereby  di- 
lated, is  lighter,  bulk  for  bulk,  than  the  surrounding  air  at  the 
ordinary  temperature;  it  therefore  rises  in  the  atmosphere, 
to  be  diffused  there,  as  oil  set  free  under  water  rises  :  in  both 
cases  a  heavier  fluid  is,  in  fact,  pushing  up  and  taking  the  place 
of  a  lighter.  This  beautiful  provision  of  nature,  without  trouble 
to  the  person,  or  even  his  being  aware  of  it,  is  relieving  him  at 
every  instant  from  the  presence  of  a  deadly  though  invisible 
poison,  and  replacing  it  with  pure  vital  sustenance ;  and  the 
process  continues  while  he  sleeps  as  while  he  wakes,  and  is  as 
pei-fect  for  the  unconscious  babe,  and  even  the  brute  creature, 
as  for  the  wisest  philosopher.  In  aid  of  this  process  come  the 
greater  motions  in  the  atmosphere,  called  winds,  which  mingle 
the  whole,  and  favour  agencies  which  maintain  the  geneml 
purity. — Dr.  ^eil  Amott. 

IMPORTANCE  OF  VENTILATION. 

That  the  importance  of  the  constant  substitution  of  pure 
air  taken  from  the  general  atmosphere  for  the  contaminated  air 
of  enclosed  localities  has  been  so  lately  understood  even  by 
scientific  men,  and  is  still  so  little  understood  by  the  mass  of  the 
people,  is  explained  by  the  fact,  that  a  hundred  years  ago  no- 
body on  earth  knew  any  thing  of  oxygen  and  nitrogen  ;  or  that 
the  air  we  breathe,  consisting  of  these,  is  as  much  a  material  sub- 
stance as  the  water  we  drink  or  the  food  we  eat, — indeed,  con- 
sists of  similar  elements,  only  in  different  combination  and  form, 
—  and  that  it  can  carry  poison  like  these.  Then,  although 
men  have  long  been  aware  that  arsenic,  prussic  acid,  and  the 
other  solid  and  liquid  poisons,  may  all  be  rendered  harmless, — 
nay,  in  certain  cases  may  even  be  used  as  medicines  when  co- 
piously diluted  with  pure  water, — many  have  yet  to  learn  that 
aerial  poisons  also  can  be  rendered  quite  harmless  by  large 
admixture  of  pure  air.  In  a  locality  where  a  deadly  contagion 
prevails,  the  atmosphere  at  a  short  distance  above  it  is  no  more 
contaminated  by  it  than  the  deep  stream  of  the  Mississippi  is 
contaminated  by  a  child  washing  a  foul  rag  near  its  bank  :  and 
mechanical  art  can  now  draw  down  pure  air  from  the  sky,  and 
fill  with  it  any  dwelling,  as  certainly  and  as  steadily  as  gas  for 
burning  is  supplied  to  all  persons  who  want  it  from  the  centi-al 
gas-holder  of  a  town. 

The  reasons  of  this  imperfect  ventilation  are,  that  air  under 
common  circumstances  is  invisible ;  that  scarcely  two  hundred 
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years  have  passed  since  scientific  men  began  to  suspect  that  ah^ 
was  at  all  a  ponderable  space-occupying  substance  ;  and  only 
m  our  own  day— since  it  has  been  used  as  stuffing  for  air-pillows 
and  one  kind  with  the  name  of  coal-gas  has  been  distributed 
and  sold  by  measure  from  pipes,  as  water  is.  Hence  people 
generally  conceived  of  it  as  being  truly  a  thing ;  that  only 
about  one  hundred  years  ago  did  cliemists  learn  that  air  or  gas 
IS  not  a  distinct  substance  of  a  permanent  nature,  but  is  one 
of  the  three  forms  called  solid,  liquid,  and  aeriform,  which 
certainly  most,  probably  all,  elementary  substances  may  as- 
sume under  diflFerent  degrees  of  heat,  compression,  and  com- 
bination :  that  the  particular  substance,  for  instance,  to  which 
the  name  of  oxygen  was  given  soon  after  its  discoveiy,  by  Dr. 
Priestley  in  1783,  and  which  in  its  separate  state,  at  the  tem- 
perature of  our  earth,  exists  only  as  an  air  that  might  serve  as 
a  stuffing  for  cushions,  yet  constitutes  eight-ninths  by  weight 
of  all  the  water  on  our  globe,  about  one-fourth  of  all  the  earth 
and  stones,  and  a  large  proportion  of  the  flesh  and  other  parts 
of  all  animals  and  vegetables.— Z)r.  JVeil  Arnott. 

ANALYSIS  OF  ATMOSPHERIC  AIR. 

Professor  Liebig  discovered,  in  1850,  a  beautiful  process  for 
analysing  atmospheric  air.  He  found  that  one  part  of  pyro- 
gallic  acid  dissolved  in  five  of  water,  and  added  to  a  solution  of 
potassa,  gives  a  liquid  that  will  absorb  oxygen  air  as  rapidly  as 
a  pure  potassa  solution  does  carbonic  acid.  Availing  himself 
of  this  fact,  he  has  been  enabled  by  a  simple  process  to  make 
analyses  of  atmospheric  air  equal  to  the  best  heretofore  obtained 
by  other  processes. 

PLANTS  IN  SLEEPING-EOOMS. 

Plants  are  generally  understood  to  be  hurtful  at  night  both 
in  sleeping  and  sitting  rooms,  but  beneficial  by  day,  by  two 
contrary  operations,  which  are  thus  explained  in  Kemp's  Hand- 
book of  Gardening : 

*'  Plants  convert  oxygen  and  carbon,  which  they  receive 
from  the  soil  and  air,  into  carbonic  acid,  which  they  exhale  at 
night.  This  being  a  deadly  and  dangerous  gas  to  human  beings, 
plants  and  flowers  are  not  considered  healthy  in  a  sitting  or 
bed  room  during  the  night.  In  the  day  they  give  oS"  oxygen, 
especially  in  the  morning,  which  is  reputed  to  render  the 
morning  air  so  fresh  and  exhilarating.  They  are  very  useful 
in  absorbing  from  the  air  the  carbon  which  is  so  injurious  to 
animal  life  ;  and  they  purify  stagnant  water  in  the  same  way. " 

Dr.  Sexton,  in  a  communication  to  Notes  and  Queries,  2d 
Series,  No.  29,  thus  illustrates  this  vexed  question  : 

There  are  two  distinct  and  apparently  opposite  processes  going  on 
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in  the  plant.  First,  the  decomposition  of  carbonic  acid,  the  fixation  of 
the  carbon  for  the  purpose  of  building  up  its  own  tissues,  and  the 
liberation  of  the  oxygen.  This  constitutes  vegetable  nutrition,  becond, 
the  exhaling  carbonic  acid,  the  result  of  the  union  of  the  oxygen  of  the 
atmosphere  with  the  carbon  of  the  vegetable  tissues.  This  is  analogous 

to  respiration.  «  .  ,  .       •     ^  ve  x, 

The  first  of  these  processes  is  not  only  beneficial  to  animal  me,  Dut 
absolutely  essential  to  its  existence  ;  for  as  the  animal  inhales  oxygen 
and  exhales  carbonic  acid  in  the  process  of  respu-ation,  if  some  agency 
did  not  work  out  the  reverse  change,  the  whole  of  the  oxygen  in  the 
atmosphere  would  be  used  up  in  a  certain  length  of  time  (800,000 
years,  according  to  Professor  Dumas),  and  animal  life  consequently  dis- 
appear. But,  as  it  is,  animals  and  plants  are  thus  mutually  dependent 
upon  each  other  ;  and  this  is  the  case,  not  merely  with  regard  to  car- 
bonic acid,  but  also  some  other  compounds,  such  as  ammonia,  water, 
&c.,  which  are  formed  in  animals  and  decomposed  in  plants.  So  far, 
then,  it  is  healthy  to  have  plants  in  rooms. 

But  there  is  the  second  process-  a  kind  of  decay,  or  by  some  looked 
upon  as  a  true  respiration  ;  and  as  this  is  precisely  what  occurs  in  ani- 
mals, it  must  of  course  add  to  the  carbonic  acid  of  the  atmosphere,  and 
thus  produce  an  effect  prejudicial  to  animal  life.  If  both  these  pro- 
cesses were  carried  on  to  the  same  extent,  the  one  would  as  a  matter  of 
course  counteract  the  other,  and  neither  would  produce  either  good  or 
evil  as  to  its  effects  upon  the  atmosphere.  But  as  the  former,  under 
general  circumstances,  preponderates  excessively  over  the  latter,  it  is  on 
the  whole  healthy  to  live  among  plants. 

There  are  circumstances,  however,  in  which  the  respiratory  process 
is  active,  and  the  nutritive  at  a  stand-still ;  where  the  influence  of  the 
vegetable  upon  the  atmosphere  will  be  injurious  to  animal  life.  One  of 
these  circumstances  is  the  absence  of  sunshine,  or  daylight,  as  these 
stimuli  are  necessary  to  the  carrying  on  of  the  process  of  nutrition  in 
the  plant.  It  is  therefore  injurious,  more  or  less,  to  sleep  in  a  room 
in  which  there  are  plants. 

Notwithstanding  this  minute  inquiry  into  the  matter,  in 
the  Quarterly  Review,  No.  139  (Art.  "  The  Flower  Garden"),  we 
find  the  fear  of  exhalations  from  flowers  at  night  treated  as  a 
popular  error. 

FIRE  AND  PHLOGISTON. 

The  fiction  that  Fire  is  a  substantial,  though  subtle,  mate- 
rial element  of  nature,  had  been  promulgated  by  Empedoclea 
more  than  four  centuries  B.C.  ;  handed  down  to  the  polyphar- 
macists,  it  had  played  but  a  small  figure  in  their  doctrine  ; 
brought  to  Europe  once  more,  the  Alchemists  had  written  not 
a  little  about  it,  but  had  made  nothing  of  it  as  a  theoretic 
centre  :  but  now  it  was  destined  to  quicken  the  whole  mass  of 
a,  growing  chemistry,  and  to  give  that  unity  to  all  its  parts,  of 
which  they  stood  more  in  need  than  ever.  In  fine,  the  ancient 
Greek,  if  not  Egyptian,  matter  of  fire,  the  empyrean  element 
of  the  old  quaternion,  was  at  length  recognised,  set  apart  and 
consecrated  by  the  hierophants  of  a  young  European  science 
under  the  classical  name  and  style  of  Phlogiston. 
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Here  is  a  familiar  illustration  of  this  positive  chemistry. 

A  lighted  candlo  burns  till  it  is  done,  giving  out  flame  or  matter  off 
fire  all  the  while  : — for  what  reason,  but  because  a  candlo  is  a  compound ; 
of  candle-matter  and  phlogiston,  because  that  compound  is  decomposed ' 
when  it  burns,  and  because  phlogiston  is  thereby  set  free  and  shows 
itself  in  the  tiame  from  the  beginning  to  the  end  of  the  process  ?  The 

Em-e  aphlogisticated  candle-matter  is  also  liberated  of  course,  little 
y  little,  as  the  taper  burns  from  top  to  socket ;  that  candle-matter 
turning  out  to  be  carbonic-acid  gas  and  water,  as  discovered  by  later 
methods  of  research  ;  so  that,  according  to  the  phlogistic  chemistrj', . 
tallow  should  have  been  tabulated  as  a  compound  of  tire  with  water  and ; 
fixed  air  :  counting  the  ashes  of  the  wick  and  oil,  this  was  neither  more 

nor  less  than  the  experiment  of  the  Greek  physiologists,  after  all :  

phlogiston  or  fire,  carbonic  acid  or  air,  moisture  or  water,  and  ashes  orr 
earth  !  Again,  a  stick  of  brimstone  burns  away  with  a  blue  flame  and  a  i 
suffocating  vapour,  and  the  residue  of  its  combustion  is  sulphurous- 
acid ;  in  the  language  of  the  phlogistans,  brimstone  is  a  compound  of 
two  things,  sulphurous  acid  and  phlogiston  ;  and  when  it  is  suffered  to 
burn,  it  gives  out  its  phlogiston,  or  flame  of  fire,  and  there  remains  its- 
dephlogisticated  sulphur,  or  sulphurous  acid,  in  the  separated  state. 

What  a  thing  fire  must  have  been  to  the  primitive  man  the  first: 
time  it  flashed  upon  him  !  Say  that  he  kept  watch  over  his  people  ; : 
that  at  the  chilliest  hoiir  of  the  night,  just  before  sunrise,  he  noticed! 
how  a  dry  stick  grew  warm  when  rubbed  against  his  club ;  that  hee 
rubbed  them  again  more  stoutly  still,  and  it  became  hot :  at  it  again, 
with  the  wonder  of  a  child,  and  the  strength  of  .twenty  men,  he  flung  itt 
down,  for  it  scorched  his  hand ;  yet  he  could  not  choose  but  tiy  again, , 
and  it  smoked ;  again  and  again,  quicker  and  quicker,  longer  and  longer, , 
lie  pursued  the  wild  experiment  until  it  burst  into  flame. — North  British- 
Review,  No.  35. 


THE  FATE  OF  LAVOISIER. 

Antoine  Laurent  Lavoisier,  "  the  French  lawgiver  of  che 
mistry,"  was  bom  at  Paris  in  1743.  He  was  educated  at  thee 
College  Mazarin,  and  having  studied  mathematics,  astronomy,, 
and  botany,  he  took  lessons  in  chemistry  from  old  Rouelle,  and! 
to  this  science  he  dedicated  himself,  determined  in  his  choicee 
by  the  recent  brilliant  discoveries  of  Dr.  Black.  When  onlyy 
twenty-one  years  of  age,  he  obtained  the  prize  offered  by  thee 
government  for  the  best  essay  on  lighting  the  streets  of  Paris 
and  to  enable  himself  to  judge  of  the  intensity  of  the  light; 
afforded  by  lamps,  he  kept  himself  six  weeks  in  total  darkness^ 
in  order  to  intensify  the  sensibility  of  his  eye.  ^  He  now  re-- 
nounced  Parisian  society  for  the  secluded  pursuit  of  science : ; 
and  put  himself  upon  short  commons  of  bread  and  milk,  vvhemi 
he  found  that  the  want  of  air  and  exercise  did  him  harm.  Iiiu 
1768,  he  was  admitted  an  associate  of  the  French  Academy 
and  finding  that  he  needed  a  good  income  for  his  studies,  h€.' 
obtained  the  appointmeut  of  a  farmer-general  of  the  publico 
revenues.  The  chemists  now  said  he  had  forsaken  chemistry,, 
and  the  farmers  looked  upon  him  as  an  interloper  j  but  ht.' 


'Te 


till 

ly; 


liij 
eft 

k 

vk 
He 
k 

do; 


itc 
car 
tea 
(all 
isi 
tiis 


Curiosities  of  Science. 


65 


eventually  proved  the  best  of  farmers,  and  the  greatest  of  the 
chemists  of  his  day.  He  was  next  appointed  to  superintend 
:i  the  government  saltpetre  works,  and  in  1790  was  made  a  mem- 
>i  )er  of  the  famous  commission  on  weights  and  measures. 
H  Meanwhile  the  revenue -farmer  was  working  out  a  vast 
|8  scheme  of  chemical  discovery  and  doctrines,  upon  which  he 
^  jubUshed  forty  memoirs  within  fifteen  years.  It  is  also  re- 
^1  3orded  of  him  that  he  engaged  in  some  of  the  most  rc- 
julsive'  of  chemical  investigations  from  motives  of  humanity. 

4  i^et  all  his  services  and  all  his  fine  qualities  could  not  save  him 
Tom  the  revolutionary  scafi"old.    Upon  some  paltry  accusation 

~  )f  having  authorised  or  winked  at  the  putting  of  too  much 
'I  kvater  on  the  Republic's  tobacco,  a  number  of  the  farmers- 
general  were  condemned  to  death ;  and  Lavoisier  was  one  of 
;hem.    To  avoid  arrest,  he  secreted  himself  for  some  days  in  a 
jabinet  of  the  Academy ;  whence  he  was  dragged  forth,  like  a 
a  ikulking  malefactor,  insulted  by  a  mock  trial,  and  condemned 
;o  death.    In  answer  to  a  request  for  a  respite  of  some  days, 
,  n  order  to  finish  certain  experiments,  which  he  stated  were  of 
j  mportance  to  the  interests  of  mankind,  he  was  coldly  informed 
i9  jby  the  public  accuser  that  the  Republic  had  no  need  of  chemists y 
md  that  the  course  of  justice  could  not  be  delayed :  he  was  then 
ed  to  the  guillotine.  May  8, 1794. 

The  truly  pathetic  circumstance  connected  with  this  homi- 
cide was  the  fact,  that  the  discoverer  was  just  at  the  middle  of 
lis  work,  as  he  supposed.  These  are  the  last  two  sentences  he 
;ver  wrote  :  "  This  is  not  the  place  to  enter  into  any  details 
ioncerning  organised  bodies ;  indeed,  I  have  purposely  avoided 
hat  subject,  and  that  is  the  reason  why  I  have  refrained  from 
peaking  of  the  phenomena  of  respii-ation,  sanguification,  and 
luimal  heat.  I  shall  return  some  day  soon  to  these  subjects." 
-le  never  returned  in  the  body  ;  but  his  spirit  is  with  us  still, 
he  nobler  portion  of  the  legacy  he  left  to  his  disciples. 

It  is  impossible  within  our  limits  to  trace  the  succession  of 
barticulai-s  in  the  progress  of  Lavoisier's  career.  The  crowning 
noment  was,  perhaps,  the  following  discovery :  Oxygen  had 
~'  )een  discovered  by  Priestley  and  by  himself:  he  had  ascer- 
ained  that  it  is  the  oxygen  of  the  atmospheric  air  that  becomes 

5  ixed  (or  absorbed  and  combined  with)  when  brimstone  is 
)umt,  or  a  metal  calcined  ;  so  that  the  calx  of  quicksilver  was 
mown  to  contain  at  least  mercury  and  oxygen,  whatever  else 
t  might  contain.  He  therefore  took  a  known  weight  of  mer- 
urial  rust,  and  drove  the  oxygen  out  of  it  by  heat  (for  simple 

Iheating  decomposes  that  oxide),  but  did  so  in  such  an  appa- 
atus  as  enabled  him  to  catch  and  retain  that  oxygen,  as  well 
i^M.to  preserve  the  liberated  quicksilver.    He  next  recalcined 
'  his  same  mercury,  by  means  of  the  same  oxygen  as  had  been 

SECOND  SEBIKS.  y 
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just  expelled  from  the  original  calx  employed ;  and  he  thereby 
obtained  the  same  weight  of  the  calx  of  mercury  as  had  been 
introduced  mto  the  apparatus  at  the  beginning  of  the  experi- 
ment. This  was  an  express  illustration  of  the  fact  that  the  red 
rust  of  quicksilver  is  a  compound  of  nothing  ponderable  but 
mercury  and  oxygen,  instead  of  quicksilver  being  (as  had  been 
so  long  and  loyally  believed)  a  compound  of  its  own  calx  with 
the  positively  light  phlogiston.  When  it  was  made  out  that 
5?  ^V^™  weights  of  the  mercury  and  the  oxygen,  obtain- 

able by  heat  from  any  known  weight  of  mercurial  calx,  is  ex- 
actly equal  to  that  weight,  the  experimental  demonstration 
was  complete.  Yet  it  is  a  strange  mistake  to  suppose  that  the 
history  of  true  Chemistry  reaches  no  further  back  than  the 
period  of  this  great  reform.  Ages  were  required  to  collect  the 
world  of  phenomena  of  which  Chemistry  consisted  before  La- 
voisier appeared.  It  required  innumerable  observations  before 
men  were  able  to  attempt  the  explanation  of  that  most  striking 
though  familiar  phenomenon,  the  burning  of  a  candle,— before 
they  could  seize  the  hidden  clue  which  led  to  the  conclusion 
that  the  rusting  of  iron  in  the  air,  the  bleaching  of  vegetable 
colours,  and  the  respiration  of  animals,  were  all  dependent  on 
the  same  cause  as  the  combustion  of  inflammable  substances. 
— Abridged  from  the  North  British  Review,  No.  35. 

COLOURED  FIEES. 

Mr.  F.  A.  Abel,  Director  of  the  Chemical  Establishment  of 
the  War-Department,  has  found  the  most  important  materials 
for  producing  Coloured  Fires  to  be — 

The  oxide  and  sulphide  of  copper,  and  the  chlorate  of  copper  and  po- 
tassa ;  the  nitrate  of  lead,  the  sulphide  of  arsenic  (orpiment) ;  the  sul- 
phide of  mercury  {Elkiops  mineral),  and  the  sub-chloride  (calomel); 
zmc,  antimony,  and  iron,  as  metals,  in  the  state  of  filings,  &c. ;  the 
carbonate,  nitrate,  and  chloride  of  baryta  ;  and  the  carbonate  and  ni- 
trate of  strontia.  Chloride  of  potassa  is  largely  employed  to  increase 
the  vehemence  of  the  combustion  of  many  compositions  containing 
colouring  substances,  whereby  the  brilliancy  of  the  resulting  tints  is 
much  heightened.  The  chlorate  of  baryta  has  lately  been  prepared  en 
a  very  large  scale  for  pyrotechnic  compositions.  In  endeavouring  to 
prepare  a  compound  of  the  chlorate  of  copper  with  ammonia  (similar 
to  the  so-called  ammonio-nitrate  of  copper),  as  a  material  for  a  brilliant 
purple  fire,  Mr.  Nicholson  has  obtained  a  beautifully  crystalline  com- 
pound, of  so  powerfully  explosive  a  character  that  even  its  syrupy 
solution  detonates  sharply  when  struck  with  a  hammer  upon  an  anvil. 
The  substance  in  question  is  more  dangerous  to  manipulate  with  than 
fulminate  of  mercury,  but  it  undergoes  gradual  decomposition  on  ex- 
posure to  air,  accompanied  by  a  diminution  of  its  explosive  properties. 
This  compound  has  led  to  the  observation  that  the  ammonio-nitrate  of 
copper,  when  thoroughly  dry,  also  possesses  slight  detonating  pro- 
perties. 

la  distilling  the  metal  magnesium,  which  resembles  zinc,  if 
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the  current  of  hydrogen  is  too  strong,  a  little  metallic  powder 
is  carried  out  of  the  apparatus  along  with  the  hydrogen  gas.  If 
this  powder  is  ignited,  it  burns  with  one  of  the  most  beautiful 
flames  it  is  possible  to  imagine  :  this  experiment  would  make 
a  charming  exhibition  for  a  lecture-room. 


ALDm's  FIEE-PEOOF  DKESSES. 

_  In  Savoy,  Corsica,  Cornwall,  and  Scotland,  is  found  a  fibrous 
mineral,  which  when  woven  produces  a  fire-proof  cloth;  whence 
its  name  Asbestos,  unconsumable.  As  the  ancients  were  ac- 
quainted with  the  art  of  weaving  this  cloth,  it  was  probably 
employed  in  the  performance  of  some  of  their  miracles — in  en- 
abling the  victims  of  superstition  to  undergo  without  hazard 
the  trial  of  ordeal  by  fire,  when  clad  in  asbestos  garments  and 
gloves  made  to  imitate  the  human  skin. 

In  our  own  times,  by  similar  means  to  the  above,  the  art 
of  defending  the  hands  and  face,  and,  indeed,  the  whole  body, 
from  the  action  of  intense  fire  has  been  applied  to  the  nobler 
purposes  of  saving  human  life,  and  rescuing  property  from  the 
flames.  Sir  Humphry  Davy  had  long  ago  shown,  in  his  safety- 
lamp  for  lighting  mines,  that  the  flame,  being  surrounded  with 
wire-gauze,  was  prevented  setting  fire  to  the  inflammable  air 
without  by  the  conducting  and  radiating  power  of  the  wire- 
gauze  carrying  ofi"  the  heat  of  the  flame,  and  depriving  it  of 
Its  power.  The  Chevalier  Aldini  of  Milan  has  appUed  this 
material,  with  other  badly  conducting  substances,  as  a  protec- 
tion against  fire.  The  incombustible  pieces  of  dress  which  he 
used  for  the  body,  arms,  and  legs  were  formed  of  stout  cloth 
steeped  in  a  strong  solution  of  alum;  whUe  those  for  the  head, 
teet,  and  hands  were  made  of  asbestos,  or  mountain-flax.  The 
head-dress  was  a  cap  enveloping  the  head  down  to  the  neck, 
having  perforations  for  the  eyes,  nose,  and  mouth.  The  stock- 
mgs  and  cap  were  single;  but  the  gloves  were  made  of  double 
asbestos  cloth,  to  enable  a  fireman  to  handle  burning  or  red- 
hot  bodies.  Over  these  was  worn  a  metaUic  dress  of  five 
pieces,  made  of  iron-wire  gauze,  the  interval  between  its  threads 
being  the  twentieth  part  of  an  inch.   These  pieces  were  a  cap, 

"^'l'^  ^'""''S®  ^''^'^^'^  *°  ^^^^e  a  proper  space  between  it 
and  the  asbestos  cap;  a  cuirass  with  brassets ;  a  piece  of  armour 
for  the  trunk  and  thighs;  a  pair  of  boots  of  double  wire-gauze; 
^d^an  oval  shield  of  wire-gauze  stretched  over  a  slender  iron 

To  prove  the  safety  of  this  apparatus  to  the  firemen,  Aldini 
showed  that  a  finger  first  enveloped  in  asbestos,  and  then  in  a 
double  case  of  wire-gauze,  might  be  held  a  long  time  in  a  flame 
of  a  spint-lamp  or  candle  before  the  heat  became  inconvenient. 
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A  fireman  wearing  a  double  asbestos  glove,  and  the  palm  pro- 
tected by  a  piece  of  asbestos  cloth,  seized  with  impunity  a  largo 
piece  of  red-hot  iron,  and  carried  it  deliberately  150  feet,  in- 
flamed straw  with  it,  and  brought  it  back  to  the  furnace.  On 
other  occasions,  the  firemen  handled  blazing  wood  and  burning 
substances,  and  walked  during  five  minutes  upon  an  iron  grat- 
ing placed  over  flaming  fagots.  In  order  to  show  how  the 
head,  eyes,  and  lungs  were  protected,  the  fireman  put  on  the 
asbestos  and  wire-gauze  cap  and  the  cuirass,  and  then  plunged 
his  face  into  a  fire  of  shavings  ;  and  in  another  trial  at  Paris, 
a  fireman  placed  his  head  in  the  middle  of  flaming  hay  and 
wood,  and  resisted  the  fire  ten  minutes.  In  another  trial,  a 
fireman  safely  carried  a  child  in  a  wicker-basket  covered  with 
metallic  gauze  (the  child  only  wearing  a  cap  of  amianthine 
cloth)  through  a  narrow  place  where  fiames  from  fagots  and 
straw  raged  eight  yards  high. 

Sir  David  Brewster  observes  in  his  Natural  Magic:  "  It  is  a 
remarkable  result  of  these  experiments,  that  the  firemen  are 
able  to  breathe  without  difficulty  in  the  middle  of  the  flames. 
This  eflfect  is  owing  not  only  to  the  heat  being  intercepted  by 
the  wire-gauze  as  it  passes  to  the  lungs,  in  consequence  of 
which  the  temperature  becomes  supportable,  but  also  to  the 
singular  power  which  the  body  possesses  of  resisting  great 
heats,  and  of  breathing  air  of  high  temperatures."* 

ASBESTOS. 

Nearly  two  centuries  since,  the  fire-proof  property  of  As- 
bestos was  publicly  proved  in  England.  Dr.  Plot  records  i 
that,  at  a  meeting  of  the  Royal  Society  in  1676,  a  merchant : 
lately  come  from  China  exhibited  a  handkerchief  made  of  Sala- 
mander's wool,  or  Linum  Asbesti,  which,  to  try  whether  it  were  i 
genuine  or  no,  was  put  into  a  strong  charcoal  fire,  m  which, , 
not  being  injured,  it  was  taken  out,  oiled,  and  put  m  again. . 
The  oil  being  burnt  off,  the  handkerchief  was  taken  out  agam, 
had  only  lost  2  dr.  5  gr.  of  its  weight,  but  was  more  brittle  than  i 
ordinary:  but  when  it  had  grown  cold,  it  nearly  recovered  its  ? 
tenacity  and  weight.  The  merchant  stated  that  he  had  received  I 
the  handkerchief  from  a  Tartar,  who  told  him  that  among  the  ; 
Tartars  this  sort  of  cloth  was  sold  at  80^.  sterUng  the  China  eU, . 
which  is  less  than  our  ell ;  he  added  that  the  Chinese  greatly  used  i 
this  cloth  in  burning  the  bodies  (to  preserve  the  ashes)  of  great  i 
persons ;  and  that  in  Tartary  Asbestos  is  "  affirmed  to  be  made  J 
of  the  root  of  a  tree."  ,    , , 

Sir  Hans  Sloane  possessed  in  his  museum  a  purse  made  oil 
Asbestos,  which  he  purchased  of  Dr.  Franklin,  who  thus  relates  s 

«  See  "  Protection  from  Intense  Heat,"  in  Curiosities  of  Science  First  Series,  s 
pp.  191, 192. 
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the  circumstance  in  one  of  his  letters :  "  Sir  Hans  Sloane  heard 
of  it,  came  to  see  me,  and  invited  me  to  his  house  in  Blooms- 
bury  Square,  showed  me  all  his  curiosities,  and  persuaded  me 
to  add  that  (the  Asbestos  purse)  to  the  number,  for  which  he 
paid  me  handsomely." 

CHEMISTEY  OF  A  BLAST-FUENACE. 

Had  the  results  of  combustion  not  been  volatile,  the  com- 
bustive  action  would  have  been  continually  impeded.  There 
can  scarcely  be  conceived  a  more  beautiful  balance  of  power 
designed  for  a  specific  end  than  this ;  yet  so  familiar  has  the 
resu^  become  to  us,  so  unnoticed  by  its  very  perfection,  that 
an  eliort  of  chemical  reasoning  is  required  to  enable  us  justly 
to  appreciate  this  point  in  relation  to  the  chemistry  of  carbon 
The  enormous  quantity  of  ponderable,  yet  invisible,  carbon 
removed  m  the  draught  of  our  larger  fireplaces  is,  on  its  first 
announcement,  startling;  yet  nothing  admits  of  more  satis- 
factory proof     Through  an  average-sized  iron  blast-furnace 
thei-e  rushes  hourly  no  less  a  quantity  of  atmospheric  air  than 
SIX  tons;  carrying  off  56-lOOths,  or  more  than  half  a  ton,  of 
carbon  m  the  form  of  carbonic  ?icid.— Faraday. 
7?wlf  n^'""!  instance  of  economic  talent,  says  a  writer  in  the 

TTu^^^'Z  ^T^'  ^"'^  *°  knowledge  in  the  district 
of  Alston  Moor  From  the  smelting  earths  of  one  "  house  " 
Tnrfi,  i""'^  .conducts  the  smoke  to  an  outlet  at  a  distance 
from  the  works  lu  a  waste  spot,  where  no  one  can  complain 
ot  It.    The  gathering  matter,  or  "fume,"  resulting  from  the 

Krat^thn'f  r'^^     "iTT''^  a^proce's  by 

which  at  that  time  it  yielded  enough  of  lead  to  pay  for  the 
construe  ion  of  a  chimney.  A  similar  tunnel-chimney  Jhree 
miles  in  length,  has  been  erected  at  Allendale.  Its  f umes  wUl 
yield  thousands  of  pounds  sterling  per  annum.  Truirherrit 
may  be  said  that  smoke  does  not  ?nd  in  smoke. 

PRODUCTS  OF  COMBUSTION  IN  GAS  AND  OIL  LAMPS. 

I..  ^^^^'^ay  h-'is  shown  that  oil  and  gas  each  contains  car- 
to  brin^ilf^?^'^'/"?  each  requires  the  addition  of  o™ 

0?  th7S ten^tVn^^i  v''^'^'  ^^'M' «^  indicatS 
frnrn  -i        ^-^f  ^^'^  ^"^^      substauces  which  rcsult 

from  It  are  mainly  Uvo-wate^-,  by  a  combination  of  some  of 
ulS'y^  the  hydrogen,  and  carbonic  acid,  hyihrol^. 

A  pint  of  oil,  when  burned,  produces  a  pint  and  a  quarter  of  water. 
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and  a  pound  of  gas,  more  than  two  pounds  and  a  half  of  water  ;  the 
increase  of  weight  being  due  to  the  absorption  of  oxygen  from  the 
atmosphere,  one  part  of  hydrogen  taking  eight  parts  (by  weight)  of 
oxygen  to  form  water.  A  London  Argand  gas-lamp,  in  a  closed  shop- 
wmdow,  will  produce  in  four  hours  two  pints  and  a  half  of  water,  A 
pound  of  oil  also  produces  nearly  three  pounds  of  carbonic  acid  ;  and  a 
pound  of  gas,  two  and  a  half  pounds  of  carbonic  acid.  For  every  cubic 
foot  of  gas  burned,  rather  more  than  -a  cubic  foot  of  carbonic  acid  is 
produced. 

As  the  water  produced  deadens  the  effect  of  the  flame,  and 
as  the  carbonic  acid  is  very  deleterious  to  the  lungs,  Mr,  Fara- 
day has  contrived  a  very  ingenious  mode  of  carrying  both  off, 
without  allowing  them  to  mix  with  the  air  of  the  room.  Air 
is  admitted  to  feed  the  flame  nearly  in  the  usual  way ;  but 
when  the  products  of  combustion  have  arrived  at  the  top  of 
the  glass  chimney,  their  progress  is  arrested  by  a  covering  of 
talc,  and  they  are  made  to  pass  down  between  the  chimney  and 
another  larger  glass  chimney  concentric  with  it.  The  open 
space  between  the  two  chimneys  communicates  with  a  pipe, 
which  is  conducted  into  the  open  air.  The  carbonic  acid, 
aqueous  vapour,  smoke,  and  other  emanations  from  the  flame, 
have  no  means  of  escape  except  through  this  tube,  and  they 
are  thus  wholly  cut  off  from  contact  with  the  air  of  the  room  ; 
while  the  light  is  brighter,  the  space  around  the  lamp  cooler, 
and  the  air  of  the  room  less  vitiated,  than  when  common  open 
burners  are  used.  This  improvement  was  first  devised  for  the 
lighting  of  the  Athenteum  Club,  and  has  since  been  adopted  in 
Buckingham  Palace. 

ANIMAL  HEAT  AND  CHEINIICAL  PROCESSES. 

To  the  builders  of  the  automata  of  the  last  century,  men 
and  animals  appeared  as  clockwork  which  was  never  wound . 
up,  and  created  the  force  which  they  exerted  out  of  nothing. . 
They  did  not  know  how  to  establish  a  connection  between  the ; 
nutriment  consumed  and  the  work  generated.    Since,  however, , 
we  have  learnt  to  discern  in  the  steam-engine  this  origin  of: 
mechanical  forces,  we  must  inquire  whether  something  similar  • 
does  not  hold  good  with  regard  to  men.    Indeed,  the  continu- 
ation of  life  is  dependent  on  the  consumption  of  nutritive  ■ 
materials :  these  are  combustible  substances,  which,  after  di- 
gestion and  being  passed  into  the  blood,  actually  undergo  a . 
slow  combustion,  and  finally  enter  into  almost  the  same  com- 
binations with  the  oxygen  of  the  atmosphere  that  are  produced 
in  an  open  fire.    As  the  quantity  of  heat  generated  by  combus- 
tion is  independent  of  the  duration  of  the  combustion  and  the 
steps  in  which  it  occurs,  we  can  calculate  from  the  mass  of  the  ■ 
consumed  material  how  much  heat,  or  its  equivalent  work,  is  ■ 
thereby  generated  in  an  animal  body.   Unfortunately  the  difli- 
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culty  of  the  experiments  is  still  very  great ;  but,  within  those 
limits  of  accuracy  which  have  been  as  yet  attainable,  the  experi- 
ments show  that  the  heat  generated  in  the  animal  body  cor- 
responds to  the  amount  which  would  be  generated  by  the 
chemical  processes.  The  animal  body,  therefore,  does  not  differ 
from  the  steam-engine  as  regards  the  manner  in  which  it  ob- 
tains heat  and  force,*  but  does  differ  from  it  in  the  manner  in 
which  the  force  gained  is  to  be  made  use  of.  The  body  is, 
besides,  more  limited  than  the  machine  in  the  choice  of  its 
fuel :  the  latter  could  be  heated  with  sugar,  with  starch,  flour, 
and  butter,  just  as  well  as  with  coal  or  wood  ;  the  animal  body 
must  dissolve  its  materials  artifically,  and  distribute  them 
through  its  system.  It  must  further  perpetually  renew  the  used- 
up  materials  of  its  organs ;  and  as  it  cannot  itself  create  the 
matter  necessary  for  this,  the  matter  must  come  from  without. 
Liebig  was  the  first  to  point  out  these  various  uses  of  the  con- 
sumed nutriment.  As  material  for  the  perpetual  renewal  of 
the  body,  it  seems  that  certain  definite  albuminous  substances 
which  appear  in  plants,  and  form  the  chief  mass  of  the  animal 
body,  can  alone  be  used.  They  form  but  a  portion  of  the  mass 
of  nutriment  taken  daily ;  the  remainder,  sugar,  starch,  fat, 
are  really  only  materials  for  warming,  and  are  perhaps  not  to 
be  superseded  by  coal,  simply  because  the  latter  does  not  per- 
mit itself  to  be  dissolved. 

If,  then,  the  processes  in  the  animal  body  are  not  in  this 
respect  to  be  distinguished  from  inorganic  processes,  the  ques- 
tion arises.  Whence  comes  the  nutriment  which  constitutes  the 
source  of  the  body's  force  ?  The  answer  is,  from  the  vegetable 
kingdom  ;  for  only  the  material  of  plants,  or  the  flesh  of  plant- 
eating  animals,  can  be  made  use  of  for  food.  The  animals 
which  live  on  plants  occupy  a  mean  position  between  carni- 
vorous animals,  in  which  we  reckon  man,  and  vegetables,  which 
the  former  could  not  make  use  of  immediately  as  nutriment.  In 
hay  and  grass  the  same  nutritive  substances  are  present  as  in 
meal  and  flour,  but  in  less  quantity.  As,  however,  the  digestive 
organs  of  man  are  not  in  a  condition  to  extract  the  small  quan- 
tity of  the  useful  from  the  great  excess  of  the  insoluble,  we 
submit,  in  the  first  place,  these  substances  to  the  powerful  di- 
gestion of  the  ox,  permit  the  nourishment  to  store  itself  in  the 
animal's  body,  in  order  in  the  end  to  gain  it  for  ourselves  in  a 
more  agreeable  and  useful  form.  In  answer  to  our  question, 
therefore,  we  are  referred  to  the  vegetable  world.  Now  when 
what  plants  take  in  and  what  they  give  out  are  made  the  sub- 
jects of  investigation,  we  find  that  the  principal  part  of  the 
foi-mer  consists  in  the  products  of  combustion  which  are  gene- 

*  Z"^^^  steam-engine  and  the  Human  Body  compared,"  in  Thi/igs  not 
generally  Known,  First  Series,  page  68  /  ">  "•y  «"» 
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rated  by  the  animal.  They  take  the  consumed  carbon,  given  off 
in  respiration  as  carbonic  acid,  from  the  air,  the  consumed 
hydrogen  as  water,  the  nitrogen,  in  its  simplest  and  closest 
combination,  as  ammonia  ;  and  from  these  materials,  with  the 
assistance  of  small  ingredients  which  they  take  from  the  soil, 
they  generate  anew  the  compound  combustible  substances, 
albumen,  sugar,  oil,  on  which  the  animal  subsists. 

Here,  therefore,  is  a  circuit  which  appears  to  be  a  perpetual 
store  of  force.    Plants  prepare  fuel  and  nutriment,  animals 
consume  these,  burn  them  slowly  in  their  lungs  ;  and  from  the 
products  of  combustion  the  plants  again  derive  their  nutriment. 
The  latter  is  an  eternal  source  of  chemical,  the  former  of  me- 
chanical, forces.    Would  not  the  combination  of  both  organic 
kingdoms  produce  the  perpetual  motion  ?  We  must  not  con-  ; 
elude  hastily.    Further  inquiry  shows  that  plants  are  capable  of  ; 
producing  combustible  substances  only  when  they  are  under 
the  influence  of  the  sun.    A  portion  of  the  sun's  rays  exhibits  a 
remarkable  relation  to  chemical  forces, — it  can  produce  and 
destroy  chemical  combinations  ;  and  these  rays,  which  for  the 
most  part  are  blue  or  violet,  are  called,  therefore,  chemical  rays. 
We  make  use  of  their  action  in  the  production  of  photographs. 
Here  compounds  of  silver  are  decomposed  at  the  place  where 
the  sun's  rays  strike  them.    The  same  rays  overpower  in  the 
green  leaves  of  plants  the  strong  chemical  affinity  of  the  carbon 
of  the  carbonic  acid  for  oxygen,  give  back  the  latter  free  to  the 
atmosphere,  and  accumulate  the  other,  in  combination  with 
other  bodies,  as  woody  fibre,  starch,  oil,  or  resin.    These  chemi- 
cally active  rays  of  the  sun  disappear  completely  as  soon  as  they  ■ 
encounter  the  green  portions  of  the  plants  ;  and  hence  it  is  that 
in  Daguerreotype  images  the  green  leaves  of  plants  appear  uni-  > 
formly  black.    Inasmuch  as  the  light  coming  from  them  does  i 
not  contain  the  chemical  rays,  it  is  unable  to  act  upon  the  silver  ; 
compounds. 

Hence  a  certain  portion  of  force  disappears  from  the  sun-  ■ 
light,  while  combustible  substances  are  generated  and  accumu-  ■ 
lated  in  plants ;  and  we  can  assume  it  as  very  probable  that  the  t 
former  is  the  cause  of  the  latter.  It  must,  indeed,  be  remarked, 
that  we  are  in  possession  of  no  experiments  from  which  we  might 
determine  whether  the  vis  viva  of  the  sun's  rays  which  have 
disappeared  corresponds  to  the  chemical  forces  accumulated 
during  the  same  time  ;  and  as  long  as  these  experiments  are 
wanting,  we  cannot  regard  the  stated  relation  as  a  certainty.  ^  If 
this  view  should  prove  correct,  we  derive  from  it  the  flattering 
result,  that  all  force,  by  means  of  which  our  bodies  live  and 
move,  finds  its  source  in  the  purest  sunlight ;  and  hence  we  are 
all,  in  point  of  nobility,  not  behind  the  race  of  the  great  monarch 
ol  China,  who  heretofore  alone  called  himself  son  of  the  sun. 
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But  it  must  also  be  conceded  that  our  lower  fellow-beings,  the 
frog  and  leech,  share  the  same  sethereal  origin,  as  also  the  whole 
vegetable  world  ;  and  even  the  fuel  which  comes  to  us  from  the 
ages  past,  as  well  as  the  youngest  offspring  of  the  forest,  with 
which  we  heat  our  stoves  and  set  our  machines  in.  motion.— 
Prof.  Belmholtz  on  the  Interaction  of  Natural  Forces. 

SCIENCE  AND  ITS  APPLIERS. 

In  many  fields  of  human  exertion,  the  tasks  of  purely 
scientific  research  and  of  the  subsequent  applications  of  art 
have  lain  very  much  with  different  parties.    It  was  not,  for 
example,  the  chemist  who  first  showed  a  jet  of  coal-gas  burning 
in  his  laboratory  who  also  first  conceived  and  accomplished  the 
noble  feat  of  lighting  up  with  gas  a  whole  city,  so  as  almost  to 
make  night  there  appear  the  day.    It  was  not  the  persons  who, 
ages  ago,  observed  the  expansive  force  of  steam,  and  its  sudden 
collapse  again  into  water  when  cooled,  who  thought  of  turning 
Bteam-force  to  profitable  use  ;  for  it  was  left  to  James  Watt,  al- 
most in  our  own  day,  to  devise  the  present  steam-engine,  which 
has  quickly  spread  a  newer  and  higher  civilisation  over  the  earth. 
And  then  for  many  a  day  was  the  fact  widely  known  that  a 
^hock  _  of  electricity  travelled  along  a  wire  with  the  speed  of 
ightning  before  Wheatstone  and  others,  who  still  live  among 
18,  had  constructed  the  electric  telegraph,  which,  with  the 
(peed  of  lightning,  can  deliver  at  any  distance,  and  can  either 
svrite  down  or  print  the  words  of  a  message  committed  to  it. 

Real  philosophers  may,  however,  be  considered  to  have 
lone  much  by  their  own  inventions  for  the  useful  arts.  Thus 
;he  chemical  or  mechanical  manufacturer  has  merely  applied 
what  the  philosopher  has  made  known  ;  he  has  merely  worked 
ip  the  materials  furnished  to  him.  The  chlorine,  or  oxymuri- 
itic  gas,  of  Scheele  was  scarcely  known  before  it  was  applied  by 
JerthoUet  to  bleaching ;  scarcely  was  muriatic  gas  discovered  by 
'riestley,  when  Guyton  de  Morveau  used  it  for  destroying  con- 
agion.  Platinum  owes  its  existence  as  a  useful  metal  entirely 
o  the  labours  of  an  illustrious  chemical  philosopher.  Look  at 
he  beautiful  yellow  aflforded  by  the  metal  chrome  :  consider 
he  medical  effects  of  iodine  !  We  have  no  history  of  the  man- 
er  in  which  iodine  was  rendered  malleable  ;  but  we  know 
hat  platinum  could  only  have  been  worked  by  a  person  of  the 
lost  refined  chemical  resources.  But  such  results  are  not 
imform.  "  The  production  of  chloroform  is  amongst  the  most 
ubtle  experimental  results  of  modern  chemistry.  The  blessed 
ffects  of  Its  proper  exhibition  in  the  diminution  of  the  sum  of 
uman  agony  are  indescribable.  But  that  divine-like  applica- 
lon  was  not  present  to  the  mind  of  the  scientific  chemist  who 
iscovered  the  anaesthetic  product  any  more  than  was  the  gas- 


Things  not  generally  Known. 


lit  town  to  the  mind  of  Priestley,  or  the  condensing  engine  to 
thatof  Black."— Pro/. 

OPPOSITION  TO  SCIENTIFIC  IMPROVEMENTS. 
Almost  all  the  great  modem  improvements  in  the  arts  of 
life  have  been  received  with  ridicule  at  first,  and  then  with 
more  active  resistance— as  in  the  cases,  for  instance,  of  agri- 
cultural implements  worked  by  steam,  of  steam  machinery  for 
spinning  and  weaving,  of  gas-lighting,  railways,  steam  naviga- 
tion, the  penny  postage,  and  so  forth.  By  such  opposition  as 
this  the  full  introduction  of  Watt's  steam-engine  was  retarded 
for  many  years,  and  the  inventor  had  to  defend  his  patent- 
rights  by  repeated  appeals  to  courts  of  justice.  But  sometimes 
even  enlightened  and  upright  men  have  been  slower  than  might 
have  been  expected  to  acknowledge  the  merit  in  new  inventions, 
partly  from  caution,  taught  them  by  seeing  the  mass  of  crudi- 
ties and  absurdities  constantly  pressed  on  public  attention  as 
improvements  by  ignorant  or  foolish  projectors,  and  partly 
because  sufficient  evidence  of  the  worth  of  the  new  proposal 
was  not  yet  before  them.  For  instance,  such  distinguished 
men  as  Davy,  Wollaston,  and  Watt  at  first  gave  an  opinion 
that  coal-gas  could  never  be  safely  applied  to  the  purpose  of 
street-lighting.  Others  said  that  steam-ships  would  never  be 
able  safely  to  navigate  the  great  ocean.  When  Dr.  Desaguliers 
and  Dr.  Hales,  about  a  century  ago,  before  oxygen  was  known, 
or  the  nature  of  gases  generally  was  understood,  stiU  judged 
aright  of  the  importance  of  pure  air  to  health  and  life,  and 
proposed  to  ventilate  houses  or  ships  by  mechanical  means  of 
certain  or  unfailing  action,  instead  of  by  the  agency  of  the  in- 
constant wind  entering  windows,  ports,  or  wind-sails,  they 
were  regarded  by  some  honest  persons  in  authority  as  erring 
visionaries.  A  curious  fact  belonging  to  this  class  of  occur- 
rences, and  recorded  by  the  vrriters  of  the  time,  was  that,  after 
Dr.  Harvey  published  his  great  discovery  of  the  Circulation  of 
the  Blood,  no  medical  man  who  had  then  reached  the  age  of  forty 
ever  avowed  his  belief  that  Harvey  was  right. — Dr.  A^.  Arnott. 

ALL  THE  OXYGEN  IN  THE  WORLD. 

Let  us  for  an  instant  contemplate  (says  Faraday,  in  his  Lec- 
tiires  on  the  Non-metallic  Mements)  the  enormous  amount  of 
Oxygen  employed  in  the  function  alone  of  respiration,  which 
may  be  considered  in  the  light  of  a  slow  combustion.  For  the 
respiration  of  human  beings,  it  has  been  calculated  that  no  less 
than  one  thousand  millions  of  pounds  of  oxygen  are  required 
daily  ;  and  double  that  quantity  for  the  respiration  of  animals; 
whilst  the  processes  of  combination  and  fermentation  require 
one  thousand  millions  of  pounds  more.   But  at  least  double 
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1  the  whole  preceding  quantity,  that  is  to  say,  twice  four  thou- 

t  sand  millions  of  pounds  of  oxygen,  are  calculated  to  be  neces- 

'  sary  altogether,  including  the  amount  for  the  never-ceasing 

i  functions  of  decay.    In  tons  it  corresponds  with  no  less  than 

7,142,857  in  a  day  ; 
2,609,285,714  in  a  year; 
260,928,571,400  in  a  century ; 
15,655,744,284,000  in  6000  years  ; 
Whole  quantity,  1,178,158,000,000,000. 

Such  being  the  daily  requisition  of  oxygen  in  the  economy  of 
nature,  how  great  must  be  the  quantity  existing  in  the  world  ! 
Why,  between  one-half  and  two-thirds  of  the  crust  of  this  globe 
and  its  inhabitants  are  composed  of  oxygen. 

CONDENSATION  BY  SURFACES. 

Every  porous  body — rocks,  stones,  the  clods  of  the  fields, 
(fee. — imbibes  air,  and  therefore  oxygen.  The  smallest  solid 
molecule  is  thus  surrounded  by  its  own  atmosphere  of  con- 
densed oxygen  ;  and  if  in  the  vicinity  other  bodies  exist  which 
have  an  affinity  for  oxygen,  a  combination  is  eflfected.  When, 
for  instance,  carbon  and  hydrogen  are  thus  present,  they  are 
converted  into  nourishment  for  vegetables — into  carbonic  acid 
and  water.  The  development  of  heat,  when  air  or  watery 
vapour  is  absorbed,  or  when  the  earth  is  moistened  by  rain,  is 
acknowledged  to  be  the  consequence  of  this  condensation  by 
the  action  of  surfaces. — Liebig. 

WHAT  IS  OZONE  ? 

The  allotropic,  or  "  other"  condition  of  oxygen,  replies  Pro- 
fessor Brande.    By  means  of  a  delicate  test,  first  proposed  by 

Schonbein,  the  discovei'er  of  ozone,  we  can  readily  detect 
its  presence  even  when  it  exists  in  very  small  quantities.  This 
test  is  paper  imbued  with  a  solution  of  iodide  of  potassium  and 
starch.  If  a  slip  of  this  paper  be  taken  near  the  sea-shore, 
moistened  with  water,  and  exposed  for  a  few  seconds  to  the 
air,  when  a  breeze  is  blowing  from  the  land,  no  evident  change 
ensues.  If,  however,  the  breeze  is  blowing  in  the  opposite  direc- 
tion, from  the  sea  towards  the  land,  then  the  paper,  originally 
white,  assumes  a  tinge  of  blue ;  thus  proving  the  operation  of 
a  certain  atmospheric  influence  or  agent,  which  we  shall  find 
liereafter  to  be  ozone.  It  may  be  generated  from  phosphorus 
and  water,  and  by  other  methods.  One  must  not,  however, 
be  passed  over,  inasmuch  as  a  great  portion  of  the  ozonomised 
oxygen  existing  in  nature  is,  in  all  probability,  referable  to  it — 
namely,  electricity.  All  electrical  experimenters  must  have 
noticed  the  odour  from  an  electric  machine  in  action.  Now 
the  air  in  the  bottle,  or  jB,'om  the  phosphorus  and  water,  or 
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ozone,  is  so  similar  in  smell  as  to  create  a  possibility  that  the 
electrical  odour  is  immediately  referable  to  ozone  ;  and  the  test- 
paper  of  Schonbein,  if  exposed  to  electric  sparks,  or  electric 
pencils  emanating  from  a  point,  becomes  in  like  manner  tinged 
blue.  The  connection  thus  established  between  electricity  and 
ozone  points  to  a  fertile  source  of  this  most  remarkable  agent  in 
nature.  Wo  now  see  the  theory  of  the  old  process  of  bleaching 
by  exposure  to  atmospheric  influences, — why  the  operation  was 
more  successful  at  certain  times  than  at  others ;  why  certain 
localities  were  especially  adapted  for  it ;  and  why  the  opera- 
tion proceeded  with  increased  rapidity  after  the  occurrence  of 
thunder-storms. 

HYDEOGEN. — THE  LIGHTEST  MATTEE. 

Even  now,  says  Professor  Brande,  we  are  justified  in  hypo- 
thetically  regarding  hydrogen  as  a  gaseous  metallic  body  ;  water 
as  a  metallic  oxide.  Hydrogen  gas  is  the  lightest  ponderable 
matter  known.  Dobreiner  considers  it  to  be  a  metal  dissolved 
in  caloric. 

In  1849,  M.  Van  Alston,  of  Rotterdam,  made  the  experi- 
ment on  his  own  person  of  testing  to  what  degree  a  man  might, 
without  danger,  inhale  hydrogen  gas ;  when,  in  spite  of  all  the 
exertions  of  his  physicians,  he  died  in  a  few  hours. 

MEKCUEIAL  ATMOSPHEEE. 

It  had  long  been  admitted  that  in  the  upper  part  of  the 
thermometer  and  barometer  an  atmosphere  of  mercury  existed 
having  a  very  small  degree  of  tension,  when  Mr.  Faraday 
showed,  by  the  following  simple  experiment,  that  a  mercurial 
atmosphere  may  exist  without  removing  the  air.  A  small 
portion  of  mercury  was  put  through  a  funnel  in  a  clean,  dry 
bottle  capable  of  holding  six  ounces,  and  formed  a  stratum  at 
the  bottom  not  one-eight  of  an  inch  in  thickness ;  particular 
care  being  taken  that  none  of  the  mercury  should  adhere  to 
the  upper  part  of  the  inside  of  the  bottle.  A  small  piece  of 
gold-leaf  was  then  attached  to  the  under  part  of  the  stopper  of 
the  bottle,  so  that,  when  the  stopper  was  put  in  its  place,  the 
leaf-gold  was  enclosed  in  the  bottle.  It  was  then  set  aside  m 
a  dark  and  cool  place,  and  left  for  six  or  eight  weeks ;  at  the 
end  of  which  time  the  leaf-gold  was  found  whitened  by  the 
mercury,  though  every  part  of  the  bottle  and  the  mercury 
remained  apparently  just  as  before.  This  experiment  was 
repeated  several  times,  showing  the  mercury  to  be  always  sur- 
rounded by  an  atmosphere  of  the  same  substance. 

WATEE  ANCIENTLY  AN  ELEMENT, 

Water  was  considered  to  be  an  element  by  the  ancients, 
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an  opinion  which  has  been  thought  to  be  unreasonable  and 
ridiculous  by  some ;  but  (says  Faraday),  for  me,  I  confess  my 
inability  to  see  how  the  ancients,  with  the  amount  of  evidence 
at  their  disposal,  could  have  arrived  at  any  other  conclusion. 
Viewed  in  its  relation  to  the  universe,— to  its  great  natural 
manifestations,— to  the  large  range  of  substances  into  which  it 
enters,— to  the  manifold  purposes  it  subserves,— and,  more 
than  all,  viewed  in  relation  to  its  intimate  connection  with  hvmg 
forms,— water  does  seem  to  present  to  our  minds  the  leading 
qualities  of  an  element ;  and  it  is  only  by  the  aid  of  chemical 
analysis  that  we  prove  the  idea  to  be  incorrect.  Consider 
how  widely  water  is  distributed  throughout  nature, —how 
numerous  are  its  functions, — how  tremendous  its  operations, 
—and  yet  how  mild,  how  bland,  how  seemingly  powerless  this 
wonderful  liquid  is  !  Let  us  view  it  in  relation  to  the  struc- 
ture of  living  beings,  and  reflect  how  intimately  it  seems 
connected  with  vitality.  Not  only  does  it  bathe  the  most  deli- 
cate tissues  and  organs  with  impunity,  but  it  enters  largely 
into  the  composition  of  all  organised  forms.  No  structure  of 
corporeal  vitality  is  without  it  as  an  essential  element.  Water 
constitutes  at  least  nine-tenths  by  weight  of  our  own  bodies, 
entering  into  the  very  bones  ;  yet  this  is  but  a  trifling  fraction 
of  the  amount  of  water  entering  into  the  structure  of  certain 
lower  animals.  Look  at  those  delicate  sea  beings  the  medusae, 
and  reflect  upon  the  vast  amount  of  water  which  their  struc- 
tures contain  !  Pellucid  almost  as  the  ocean  in  which  they 
dwell,  these  creatures  float  about  in  the  full  vigour  of  life ; 
yet  one  may  safely  say  that  the  medusae  consist  of  no  less  than 
nine  hundred  and  ninety-nine  parts  water}  Water  in  this 
great  amount  pervades  their  whole  economy.  Without  much 
violence  to  language,  we  might  caU  them  living  forms  of 
water  !  Yet  these  same  medusae,  taken  from  the  ocean  and 
scattered  on  the  beach,  exposed  to  the  influence  of  sun  and 
air,  their  aqueous  portion  gone,  what  are  the  medusae  then  ? 
Shadows  almost — a  substance  barely— the  merest  shred  of  fila- 
ment and  membrane  ! 

THE  COMPOSITION  OF  WATER. 

The  celebrated  experiment  by  which  it  was  proved  that 
Water  is  composed  of  oxygen  and  hydrogen  deprived  of  part 
of  their  latent  heat,  was  suggested  by  the  following  circum- 
stances. In  the  year  1776,  Volta  fired  inflammable  air  by  a  sim- 
ple electric  spark.  In  1776-7,  Macqueer  burned  mixtures  of 
inflammable  air  and  oxygen  in  glass  vessels,  and  observed  that 
the  part  of  the  saucer  which  the  flame  licked  was  moistened 
with  small  drops  of  a  liquor  as  clear  as  water,  and  which  ap- 
peared to  him  to  be  pure  water.   Macqueer,  however,  drew  no 
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conclusion  from  his  experiments  ;  and  it  was  not  till  some 
time  before  the  18th  of  April  1781  that  a  similar  experiment 
was  made  by  Priestley  and  Waltire,  a  lecturer  on  chemistry  at 
Birmingham,  who  fired  a  mixture  of  common  and  inflammable 
airs,  and  of  inflammable  air  and  oxygen,  and  observed  a  deposit  of 
water  on  the  side  of  the  vessel.  Priestley  further  says  :  "  In  order 
to  judge  more  accurately  of  the  quantity  of  water  so  deposited, 
and  to  compare  it  with  the  weight  of  the  air  decomposed,  I 
carefully  weighed  a  piece  of  filtering-paper,  and  then  having 
wiped  with  it  all  the  inside  of  the  glass  vessel  in  which  the  air 
had  been  decomposed,  weighed  it  again,  and  1  always  found, 
as  nearly  as  I  could  judge,  the  weight  of  the  decomposed  air  in  the 
moisture  acquired  by  the  paper." 

We  have  not  space  to  enter  into  the  controversy  respecting 
the  Composition  of  Water,  i.  e.  whether  it  was  discovered  by 
Watt  or  Cavendish.  According  to  the  statement  of  the  Rev. 
W.  Vernon  Harcourt,  Cavendish's  final  experiment— so  con- 
trived as  to  enable  him  to  consume  a  large  quantity  of  the 
gases,  suflacient  to  prove  that  the  fluid  condensed  was  pure 
-v^ater — was  made  on  one  of  the  latter  Sundays  of  July  1781 : 
thus  completely  establishing  the  general  fact  of  the  composi- 
tion of  water. 

The  following  details  of  the  great  analysis,  made  a  few  years 
later,  are  very  interesting  : 

Fourcroy,  Vauquelin,  and  Seguin  commenced,  on  the  13tli  of  May 
1790  an  experiment  on  a  very  large  scale  to  prove  the  composition  of 
water,  and  finished  their  labours  on  the  22d  of  the  same  month.  The 
hydrogen  was  produced  from  zinc,  which,  after  being  melted,  had  been 
rubbed  to  a  powder  in  a  hot  mortar,  and  strong  oU  of  vitriol  diluted 
with  seven  times  the  quantity  of  water.  The  gas  was  then  passed 
through  caustic  potash  to  clear  it  from  any  impurities.  The  oxygen 
was  obtained  by  heating  chlorate  of  potassa,  and  was  purified  in  a 

similar  manner.  „„„  ..^     , .   .  , 

The  hydrogen  used  in  the  experiment  was  25,963-568  cubic  inches, 
weighing  1039'358  grains ;  and  the  oxygen  12,570-942  cubic  inches, 
weighing  6209-869  grains.  The  combustion  of  the  gases  was  continued 
for  185  hom-s  without  intermission,  and  the  apparatus  was  not  qmtted 
for  a  moment,  the  experimenters  resting  themselves  in  the  laboratory 
alternately  when  fatigued.  The  result  was,  that  7244  gi-ains  of  water 
were  procured,  showing  a  loss  of  only  five  grains,  or  ^^of  the  whole. 

In  a  glass  jar  put  a  mixture  of  two  parts  by  measure  of 
hydrogen  with  one  of  oxygen ;  the  two  gases  will  remam  calm, 
tranquil,  quiescent ;  transparent  and  colourless  as  the  atmo- 
sphere itself :  they  give  no  indication  of  their  power,  lint  a, 
most  extraordinary  force  is  there,  which  force,  if  we  reduce  to 
a  certain  standard  of  comparison,— and  such  standard  is  not 
wanting,— will  be  found  to  equal  the  power  of  many  thunder- 
storms  To  exemplify  this,  fiU  a  bag  with  the  mixed  gases,  and , 
then  blow  some  soap-bubbles,  to  which  apply  a  lighted  taper, , 
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when  the  result  will  be  a  violent  explosion.  In  this  result  we 
jtiave  the  evidence  of  tremendous  power.  But  the  result  of  the 
explosion  is  water — nothing  but  water.  To  me  (says  Faraday), 
the  whole  range  of  natural  phenomena  does  not  present  a  more 
wonderful  result  than  this.  To  think  that  these  two  violent 
elements,  holding  in  their  admixed  parts  the  power  of  whole 
thunder-storms,  should  wait  indefinitely  until  some  cause  of 
union  be  applied,  and  then  furiously  rush  into  combination, 
and  form  the  bland  unirritating  liquid  water,  is  to  me,  I  con- 
fess, a  phenomenon  which  continually  awakens  new  feelings  of 
wonder  as  often  as  I  view  it.  Or,  if  we  place  in  a  globe  oxygen 
and  hydi-ogen  gases  in  the  exact  proportions  in  which  they 
combine  to  form  water,  they  remain  without  change  of  state, 
but  appear  to  mix  intimately.  The  moment,  however,  that 
an  incandescent  body,  or  the  spark  from  an  electric  machine,  is 
brought  into  contact  with  the  mixed  gases,  they  ignite,  explode 
violently,  and  combine  to  form  water.  When  hydrogen  gas  is 
allowed  to  flow  on  the  surface  of  spongy  platinum,  the  pores  of 
which  contain  condensed  oxygen,  water  is  formed  by  the  com- 
bination of  the  two  gases,  heat  is  developed,  and  the  platinum 
becoming  red-hot,  the  jet  soon  takes  fire. 

HAED  AND  SOFT  WATEES. 

Dr.  Lander  Lindsay  uses  the  term  hard  waters  to  indicate 
waters  containing  an  easily  appreciable  amount  of  neutral  salts, 
especially  of  the  carbonates,  sulphates,  and  chlorides  of  lime 
and  magnesia.  Under  this  head  a  large  proportion  of  spring 
waters  is  to  be  classed.  The  term  is  employed  in  contradis- 
tinction to  that  of  pure  or  soft  waters,  which  either  contain  no 
saline  ingredients,  or  a  very  small  proportion  :  such  are  i-ain, 
snow,  and  many  river  waters.  There  is  frequently  great  dif- 
ference of  opinion  between  professional  and  non-professional 
persons  as  to  what  is,  or  constitutes,  hard  or  soft  water.  A 
water  was  reported  upon  by  the  analyst,  an  English  chemist  of 
repute,  as  "  vert/  soft;"  while  the  user  of  the  water,  a  lady  of 
great  intelligence  and  experience,  described  it  to  Dr.  Lindsay 
as  decidedly  hard. 

Professor  Christison  considers  a  water  soft  which  contains 
less  than  part  of  its  weight  of  saline  ingredients  ;  hard  if 
It  contains  more  than  ;  mineral  if  more  than  Soft 
water  has  the  property  of  forming  a  lather  with  soap,  and  it  is 
suitable  for.  washing  purposes,  neither  of  which  properties  does 
hard  water  possess. 

WATER  TEST. 

^  The  chemical  property  possessed  by  soap,  of  readily  dissolv- 
mg  m  alcohol,  renders  the  solution  a  valuable  quaHtative  test  for 
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discriminating  approximately  the  presence  or  absence  of  metal- 
lic bases  in  water.  If  an  alcoholic  solution  of  soap  be  poured 
into  distilled  water,  no  perceptible  change  ensues ;  but  if  the 
same  solution  be  poured  into  any  ordinary  variety  of  natural 
terrestrial  water,  a  certain  amount  of  turbidity  results,  accord- 
ing to  the  amount  present  of  earthy  or  metallic  bases  :  hence, 
by  this  test,  the  comparative  softness  or  hardness  of  different 
waters  may  be  rendered  evident. 

FILTERING  WATEB. 

In  a  lecture  recently  delivered  at  the  Royal  Institution,  Dr. 
Lankester  insisted  upon  the  necessity  for  filtering  all  water 
used  in  drinking  or  cooking,  from  whatever  source  ;  and  proved 
to  his  audience,  by  chemical  analysis,  that  unfiltered  water, 
however  clear  and  bright,  may  contain  the  most  deleterious  if 
not  the  most  deadly  constituents.  The  lecturer  the  more  im- 
pressively substantiated  the  fact  by  the  analysis  of  the  water 
from  a  notoriously  favourite  pump.  The  water  was  quite  cool, 
fresh,  and  tasteless  to  the  palate,  owing  to  a  pecuhar  combina- 
tion of  nitric  acid;  but,  upon  chemical  tests  being  apphed,  it 
yielded  a  large  amount  of  deleterious  matter. 

NITROGEN. 

Nitrogen  is  a  permanently  elastic  gas,  a  little  lighter  than 
atmospheric  air,  but  fourteen  times  heavier  than  Jiy^rogen;  it 
has  neither  smell,  taste,  nor  colour ;  it  is  not  absorbable  by 
water,  and  neither  supports  combustion  nor  respiration.  All 
burning  bodies  are  immediately  extinguished  when  plunged 
into  this  gas,  and  so  is  animal  life :  it  appears  to  kill,  not  by 
any  direct  chemical  action  upon  the  blood,  as  is  the  case  with 
almost  all  noxious  gases,  but  simply  by  the  exclusion  of  oxygen, 
preventing  the  throwing  off  of  carbonic  acid;  so  that  ani- 
mals are  rather  stifled  by  nitrogen  as  they  are  by  suffocation  or 
drowning,  than  absolutely  poisoned.  Now  from  all  these  lUus- 
trations,  it  will  be  obvious  that  the  characters  of  nitrogen  are 
preeminently  of  a  negative  description :  it  appears  as  a  very 
dii^erent  body.  Not  so,  however,  when  m  chemical  combma- 
S7for  nearly  all  its  compounds  are  preeminently  active  and 
energetic :  powerful  acids,  acrid  alkalies,  intense  poisons,  vio- 
lent detonators,  are  amongst  them.  Nitric  acid,  ammonia  and 
cyanogen  belong  to  this  class ;  they  are  binary  compounds  of 
Xogin :  all  the  most  dangerous  fulminators  contain  it  as  one 
Stheir  essential  elements ;  gunpowder  cannot  be  ^^a^^  with^^^^^ 
it  •  in  short,  whether  we  look  at  nitrogen  under  those  simpkr 
form?  of  combination,  which,  to  a  certain  extent,  ^jy  ^ 
manded  by  art,  or  under  those  more  comphcated  relations  i 
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which  can  only  be  called  into  existence  by  vital  functions,  we 
find  its  chemical  history  full  of  instructive  and  important  de- 
tails.— Brande's  Lectures. 

SERVICES  OF  NITROGEN  IN  THE  ATMOSPHERE. 

These  are  very  important.  Nitrogen,  as  the  chief  consti- 
tuent in  weight  and  bulk  of  the  atmosphere,  diminishes  the 
rapidity  of  combustion  and  oxidation  at  the  earth's  surface ; 
whilst  as  a  great  gaseous  envelope,  which  the  ocean  and  tri- 
butary waters  cannot  dissolve,  and  which  neither  acts  inju- 
riously on  rocks,  plants,  or  animals,  nor  is  altered  in  quality 
by  them,  it  forms  a  permanent  medium  for  the  production  of 
winds,  and  a  moderator  and  equaliser  of  the  sidereal  light; 
heat,  and  other  agencies  determining  climatic  diflFerences,  such 
as  no  other  gas,  simple  or  compound,  known  to  us  could  be. 
— Dr.  G.  Wilson, 

NITROGEN  AND  GUN-COTTON. 

"Nitrogen,"  says  Graelin,  "has  probably  the  greatest  affi- 
nity of  all  ponderable  bodies  for  heat,  with  which  it  constantly 
tends  to  form  a  gas.  Consequently,  many  of  its  compounds  are 
decomposed  by  slight  causes,  and  with  extreme  suddenness,  the 
nitrogen  being  disengaged  in  the  gaseous  form,  and  often  pro- 
ducing the  most  violent  explosions."  Thus  it  confers  explo- 
siveness  on  its  compounds,  as  in  gunpowder;  the  various 
bodies  of  which  Gun-cotton  is  the  type;  pei-cussion-cap  powder, 
and  other  fulminates ;  the  so-called  ammoniuret  of  gold ;  and 
the  chloride  and  iodide  of  nitrogen. 

In  a  greatly  lessened  degree,  this  chemical  fragility  and  in- 
stability are  conferred  by  nitrogen  upon  the  compounds  which 
it  forms  with  living  organisms.  The  immensely  greater  and 
more  numerous  chemical  changes  which  characterise  animals 
than  plants  are  essentially  connected  with  the  greater  abun- 
dance of  nitrogen  in  the  former.  The  diflference  between  the 
jlightly  alterable,  slowly  combustible  vegetable  cotton,  a  com- 
Jound  of  carbon,  hydrogen,  and  oxygen,  and  the  spontaneously 
decomposable  explosive  Gun-cotton,  which  differs  from  it  in 
luality  of  ingredients  by  the  addition  of  nitrogen,  is  typical  of 
ihe  distinction  between  the  enduring  non- nitrogenous  vege- 
iable  compounds,  and  the  spontaneously  changeable  nitro- 
genous animal  compounds ;  although,  in  this  particular  case, 
;he  increase  of  oxygen  in  the  Gun-cotton  exaggerates  the  insta- 
)uity  to  the  point  of  explosion. 

^  The  simplest  process  of  making  Gun-cotton  consists  in  dip- 
)mg  the  fibre  (which  must  be  perfectly  clean)  into  strong  nitric 
icid,  allowing  the  acid  to  saturate  it  thoroughly,  then  finally 
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removing  the  cotton-fibre,  washing  it  until  every  trace  of  acid 
IS  separated,  and  drying  it  at  a  temperature  under  100°.  Prac- 
tically, however,  it  is  found  desirable  to  mix  a  little  sulphuric 
acid  with  the  nitric  acid,  for  the  purpose  of  strengthening  the 
latter,  which  it  accomplishes  by  its  affinity  for  water. 

Gun-cotton,  although  still  resembling  ordinary 'cotton  to 
the  naked  eye,  feels  different,  and  presents  a  different  aspect 
when  examined  microscopically. 

The  composition  of  Gun-cotton  has  not  been  accurately  de- 
termined, nor  are  chemists  agreed  as  to  the  rational  formula 
by  which  it  may  be  represented.  We  must  therefore  rest  satis- 
hed  with  regarding  it  as  a  combination  of  nitric  acid,  or  of 
nitrous  acid  with  lignine,  or  modified  lignine,  in  which  the 
latter  performs  the  part  of  a  base.  {Brande's  Lectures.) 

In  an  experiment  performed  in  Schonbein's  laboratory  at 
Basle,  a  certain  weight  of  gunpowder,  when  fired,  filled  the 
apartment  with  smoke ;  whilst  an  equal  weight  of  Gun-cotton 
exploded  without  producing  any  smoke,  leaving  only  a  few 
atoms  of  carbonaceous  matter  behind.  Balls  and  shells  were 
experimentally  projected  by  this  prepared  Cotton,  which  was 
stated  to  have  nearly  double  the  projectile  force  of  gunpow- 
der j  in  proof  of  which  Schonbein  experimented  upon  the  wall 
of  an  old  castle  near  Basle.  It  had  been  calculated  that  from 
three  to_  four  pounds  of  gunpowder  would  be  requisite  to  de- 
stroy this  wall,  and  a  hole  to  contain  that  quantity  was  pre- 
pared. In  this  aperture  were  put  four  ounces  of  the  prepared 
cotton,  which,  when  fired,  blew  the  massive  wall  to  pieces. 

Again,  the  sixteenth  of  an  ounce  of  the  Cotton,  placed  in  a 
gun,  carried  a  ball  through  two  planks  at  the  distance  of  28 
paces ;  and,  with  the  same  charge  and  distance,  drove  a  bullet 
into  a  wall  3|  inches.  A  dram  of  the  cotton  also  sent  a  ball, 
foz.  weight,  to  a  distance  of  200  paces,  where  it  penetrated  a 
deal  plank  to  the  depth  of  two  inches.  A  portion  of  this  cotton, 
when  thrown  into  water,  and  afterwards  dried,  did  not  lose  its 
inflammable  property.  Such  were  the  earliest  experiments  made 
by  Schonbein,  the  inventor,  in  Switzerland. 

Gun-cotton  was  used  for  the  first  time  in  actual  warfare  at 
the  siege  of  Moultan  in  the  East  Indies ;  when  the  brilliance 
and  breadth  of  the  flash  of  the  guns  fired  by  this  new  adapta- 
tion of  science  to  the  devastation  of  war  are  described  to  have 
been  of  terrific  intensity. 

But  the  new  compound  has  other  uses.  Gun-cotton  is  solu- 
ble in  ether,  and  a  compound  is  formed,  to  which  the  name  of 
collodion  has  been  given.  This  substance  has  been  found  of 
the  greatest  use  in  many  of  the  arts,  especially  photography. 
On  being  exposed  to  the  air,  the  ether  evaporates,  leaving  be- 
hind a  thin  transparent  film,  which  is  applied  to  wounded  sur- 
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faces  instead  of  goldbeaters'  skin.  It  may  also  be  made  into 
delicate  bags,  into  which  hydrogen  may  bo  introduced  for  bal- 
loons. In  photography,  the  collodion  is  mixed  with  the  iodides 
to  be  acted  on  by  light;  and  being  spread  on  glass,  pictures, 
from  which  any  number  of  impressions  may  be  taken,  are  pro- 

'^^^AUhough  the  British  Board  of  Ordnance  have  decided 
against  the  adoption  of  this  explosive  compound  in  the  mili- 
tary and  naval  services,  its  advantages  have  been  diflerently 
appreciated  on  the  Continent,  the  Austrian  government  having 
presented  Professor  Schonbein  with  the  sum  of  2500^.  as  a  re- 
ward for  his  invention.  tt  ^ 

A  new  kind  of  Gun-cotton  has  been  prepared  m  the  Unitea 
States,  by  treating  newly-prepared  Gun-cotton  with  a  saturated 
solution  of  chlorate  of  potash.  A  pistol  loaded  with  one  grain 
of  this  cotton  has  sent  a  ball  through  a  yellow  pine  door  one 
inch  thick,  at  the  distance  of  20  feet.  _  _ 

Many  circumstances  conspire  to  prevent  the  application  of 
Gun-cotton  to  the  purposes  of  gunnery.  Its  velocity  of  com- 
bustion is  too  great  for  all  fire-arms,  save  those  of  the  strongest 
make  and  smallest  bore.  Its  strength  is  subject  to  varia- 
tion, not  only  from  the  operation  of  atmospheric  causes,  such 
as  the  absorption  of  moisture,  but  from  spontaneous  decompo- 
sition ;  the  latter  agency  reducing  Gun-cotton,  after  a  certain 
time,  to  the  original  condition,  or  ordinary  combustibility,  of 
native  cotton.  The  physical  conditions  of  a  fibrous  body,  more- 
over, are  very  much  opposed  to  the  employment  in  fire-arms  of 
Gun-cotton,  Other  objections  are  those  of  ignition  from  per- 
cussion, or  even  spontaneously,  and  the  acid  fumes  (although  no 
smoke)  evolved  by  Gun-cotton  undergoing  combustion.  Its 
employment  as  a  blasting  agent  in  mines  promised  greater  suc- 
cess ;  its  freedom  from  smoke  being  a  great  advantage  to  the 
miner.  Unfortunately,  however,  the  use  of  Gun-cotton  has 
been  discontinued  even  for  this  purpose,  chiefly  on  account  of 
the  danger  attending  its  maaufacture,  and  its  liability  to  ex- 
plode from  the  operation  of  very  slight  causes. 

PRUSSIC  ACID. 

In  the  bicarburet  of  nitrogen,  termed  cyanogen,  we  have 
an  extraordinary  example  of  the  indirect  manner  in  which  cer- 
tain compositions  are  effected,  no  less  than  of  the  wonderful 
change  of  properties  which  results.  Carbonic  acid,  although 
poisonous  under  certain  circumstances,  is  concerned  in  the 
ever- occurring  function  of  respiration,  bathing  unharmed  the 
air-cells  of  the  lungs,  remaining  in  contact  with  the  most  deli- 
cate tissues,  yet  producing  no  evil  result :  nitrogen,  too,  is  en- 
dowed with  a  similar  negative  quality,  this  element  constituting 
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no  less  than  four-fifths  of  our  atmosphere,  wliich  we  breatlie 
almost  unconsciously,  without  intermission  from  our  birth  to 
our  death.  Yet  such  is  the  strange  eflfect  of  combination,  that 
nitrogen,  when  united  with  carbon  in  the  ratio  of  fourteen 
parts  by  weight  to  twelve,  gives  rise  to  a  peculiar  gaseous  sub- 
stance termed  cyanogen,  which,  if  breathed  only  in  small 
quantities,  proves  fatal  at  once,  and  which,  by  union  with  hy- 
drogen, constitutes  that  terrible— most  terrible  perhaps  of  all 
poisons,  Prussic  acid.  The  odour  of  cyanogen  is  that  of  peach- 
blossoms,  and  when  burned  it  evolves  a  peculiar  rose-coloured 
flame,  which  is  very  distinctive  of  this  gas. 

HOW  SIR  HUMPHEY  DAVY  BREATHED  NITROUS  OXIDE. 

Davy,  for  this  investigation,  devised  the  very  beautiful 
method  of  procuring  the  nitrous  air,  viz.  the  decomposition 
by  heat  of  the  crystals  of  nitrate  of  ammonia,  which  are  thereby 
dissolved  into  watery  vapour  and  the  desiderated  gas.  Under 
the  famous  name  of  nitrous  oxide,  he  minutely  examined  and 
recorded  its  properties  for  the  first  time.  In  his  Researches  he 
tells  us  : 

Having  previously  closed  my  nostrils  and  exhausted  my  lungs,  1 
breathed  four  quarts  of  nitrous  oxide  from  and  into  a  silk  bag.  The 
first  feelings  were  similar  to  giddine.ss ;  but  in  less  than  half  a  minute,  the 
respiration  being  continued,  they  dimmished  gradually,  and  were  suc- 
ceeded by  a  sensation  analogous  to  gentle  pressure  on  all  the  muscles, 
attended  by  a  highly  pleasurable  thrilling,  particularly  in  the  chest  and 
the  extremities.  The  objects  around  me  became  dazzling,  and  my 
hearing  more  acute.  Towards  the  last  inspiration  the  thrilling  in- 
creased,-and  at  last  an  u-rcsistible  propensity  was  indulged  in.  I  reciV 
lect  but  indistinctly  what  followed  :  I  know  that  my  motions  were 
various  and  violent.  These  effects  very  soon  ceased  after  respiration, 
in  ten  minutes  I  had  recovered  my  natm-al  state  of  mind.  Almost 
every  one  who  has  breathed  this  gas  has  observed  the  same  thing.  On 
some  few,  indeed,  it  has  no  effect  whatever,  and  on  others  the  effects  ■ 
are  always  painful.  The  experiment  cannot  be  made  with  impunity  by 
those  who  are  liable  to  determination  of  blood  to  the  head. 

Davy  was  at  first  sanguine  of  the'  useful  application  of  nitrous  ■ 
oxide  to  medicine.  It  might  be  the  Potable  Gold  of  Geber,  the  d 
vivifying  quintessence  of  the  Elements  of  Raymond  Lully,  thep 
Water  of  Life  of  Basil  Valentine,  the  Elixii  of  Paracelsus,  at  k 
least  some  purified  and  attempered  supporter  of  vitality,  forp 
its  composition  was  almost  identical  in  its  ingredients  withji 
that  of  the  atmosphere.  But  Davy  soon  discovered  his  mistiike,  • 
recorded  its  inutility,  and  pointed  out  the  fallacies  attendant 
on  the  trial  of  so  strange  and  novel  a  medicinal  agent. 

SULPHURING  WINE- CASKS. 

The  rationale  of  this  familiar  process  is  as  follows :  wh 
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he  sulphur  is  burned  in  the  wine-casks,  the  oxygen  taken  up 
)y  the  wine  from  the  air  during  the  filling  of  the  casks  is 
eized  by  the  sulphurous  acid,  whence  the  formation'of  vinegar 
s  thus  prevented,  and  the  wine  is  insured  from  acidity. 

STORES  OF  CAEBON  IN  COAL-FIELDS. 

Calculation  shows  that  the  present  amount  of  atmospheric 
larbonic  acid  is  sufficient  for  keeping  up  the  large  amount 
)f  carbon  which  vegetables  require.  But  the  question  has 
)een  mooted,  whether  an  atmosphere  containing  no  more  car- 
)onic  acid  than  at  present  could  have  been  reasonably  assumed 
;o  have  furnished  that  enormous  amount  of  Carbon  which  is 
itored  away  in  our  Coal-fields.  Probably,  it  is  assumed,  the 
itmosphere  in  that  early  period  of  the  world,  when  coal-fields 
vere  deposited,  contained  more  carbonic  acid  than  it  does  at 
(resent;  but  for  the  greater  number  of  vegetable  species  an 
itmosphere  charged  with  any  considerable  amount  of  carbonic 
icid  ov?r  and  above  that  supplied  to  us  is  fatal.  As  regards 
;he  fern  tribe,  however,  they  have  been  proved  by  experiment 
;o  be  capable  of  living  and  thriving  in  an  atmosphere  contain- 
ng  an  amount  of  carbonic  acid  fatal  to  other  species.  Now 
ihe  fact  is  well  known  that  coal-fields  are  chiefly  made  up  of 
ihe  remains  of  gigantic  ferns ;  and  hence  we  recognise  the  exer- 
sise  of  a  wise  forethought  in  so  adapting  the  organism  of  these 
iregetables  that  they  could  live  and  flourish  in  an  atmosphere 
)f  carbonic  acid  which  would  be  fatal  to  most  other  vegetables 
md  the  higher  order  of  animals. — Faraday. 

CAOUTCHOUC  AND  CAOUTCHOUCINE. 

The  following  simple  experiments  pleasingly  illustrate  the 
)roperties  of  India  rubber,  or  Caoutchouc,  and  the  spirit  dis- 
;illed  from  it,  named  Caoutchoucine. 

Put  a  little  ether  into  a  bottle  of  Caoutchouc,  close  it  tightly, 
loak  it  in  hot  water,  and  it  will  become  inflated  to  a  consider- 
ible  size.  These  globes  may  be  made  so  thin  as  to  be  trans- 
>arent.  A  piece  of  caoutchouc  the  size  of  a  walnut  has  thus 
jcen  extended  to  a  ball  fifteen  inches  in  diameter ;  and  a  few 
fears  since  a  Caoutchouc  balloon  thus  made  escaped  from 
Philadelphia,  and  was  found  130  miles  from  that  city. 

Dissolve  a  small  piece  of  Caoutchouc  in  a  little  Caoutchou- 
cine, and  put  a  drop  or  two  of  the  solution  upon  a  looking- 
jlaes  or  window-pane  ;  touch  it  lightly  with  a  dry  piece  of 
[ndia  rubber,  quickly  draw  out  a  fine  thread,  which  attach  to 
I  card,  and  wind  ofi"  as  silk. 

Put  Caoutchoucine  into  a  phial,  little  more  than  sufficient 
to  cover  the  bottom,  and  the  remainder  of  the  phial  will  be 
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filled  with  a  heavy  vapour  ;  pour  this  off  the  spirit  into  another 
phial ;  apply  to  it  a  piece  of  lighted  paper,  and  the  vapour  will 
burn  with  a  brilliant  flame. 


IDENTITY  OF  THE  DIAMOND  AND  CAEBON. 

That  Diamond  is  simple  Carbon  (not  charcoal)  is  shown  by 
the  following  experiment.  M.  Morveau  exposed  to  intense 
heat  a  diamond  shut  up  in  a  small  cavity  in  a  piece  of  tough 
iron.  When  he  opened  the  cavity,  the  diamond  was  entirely 
gone,  and  the  iron  around  it  was  converted  into  steel.  This 
shows  that  it  is  pure  carbon,  which  combines  with  iron  to  form 
steel ;  and  not  charcoal,  which  is  generally  an  oxide  of  carbon. 
In  1815,  Mr.  Children  converted  iron  into  steel  by  union  with 
diamond,  under  the  sole  action  of  a  large  voltaic  battery. 

The  combustion  of  the  Diamond  is  effected  by  holding  the  i 
gem  by  a  little  platinum  clamp  and  igniting  it  to  whiteness  in 
the  oxyhydrogen  flame ;  and  then  plunging  it,  while  incan- 
descent, into  ajar  of  oxygen.    EventuaUy  the  resulting  gas  is  . 
proved,  by  means  of  the  lime-water  test,  to  be  carbonic  acid.^ 
Diamonds  which  have  been  exposed  under  peculiar  condi- 
tions to  an  intense  heat  may  be  seen  to  have  lost  their  crys- 
talline aspect — to  have  opened  out,  forming  a  cauliflower-like  ? 
excrescence,  and  to  have  assumed  the  aspect  of  coke.    Such  i 
specimens  are  most  curious,  as  furnishing  us  with  a  striking: 
instance  of  allotropism — that  mysterious  existence  of  identical, 
matter  in  two  states. 

The  only  chemical  difference  perceptible  between  Diamond! 
and  the  purest  Charcoal  is  the  hydrogen  contained  in  the  latter,, 
which  is,  in  some  cases,  less  than  part  of  the  weight  off 

the  substance.  Mr.  Smithson  Tennant  and  Dr.  Ure,  however,', 
considered  Diamond  to  differ  from  the  usual  form  of  CharcoalJ 
only  by  its  crystallised  form.  ... 

Sir  Humphry  Davy  exposed  charcoal  to  intense  ignition  im 
vacuo,  and  in  condensed  azote,  by  means  of  Mr.  Children's  mag- 
nificent battery,  when  it  slowly  volatilised,  and  gave  out  a  littleo 
hydrogen.  The  remainder  was  always  much  harder  than  before,', 
and  in  one  case  so  hard  as  to  scratch  glass,  while  its  lustre  wass 
increased.  This  fine  experiment  ma>-  be  regarded  as  a  near  ap- 
proach to  the  production  of  the  diamond  (see  also  the  accountsj 
of  the  Diamond  in  Things  not  gemrally  Known,  pp.  200-203 
Popular  Errors  Explained  and  Illustrated,  pp.  65-56). 

The  composition  of  this  gem  is  undoubtedly  carbon,  seeing^: 
that  the  sole  result  of  its  combustion  in  oxygen  is  carbonio- 
acid  gas  ;  but  the  origin  of  the  Diamond  is  a  subject  of  mucm 
curious  speculation.  Seeing  that  its  structure  is  crystalline, . 
the  Diamond  should  have  been,  at  some  early  period,  in  a  iiquiOJ 
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or  semi-liquid  condition,  a  state  which  presupposes  fusion  by- 
fire,  or  solution  in  some  menstruum.  Opposed  to  the  first 
hypothesis  is  the  circumstance  that  within  the  structure  of 
many  Diamonds  are  seen  the  remains  of  organic  beings,  ap- 
pearances scarcely  consistent  with  the  assumption  that  the 
Diamond  was  once  in  a  state  of  igneous  liquidity.  Sir  David 
Brewster  inclines  to  the  opinion  that  the  Diamond  is  a  drop  of 
fossilised  gum. — Faraday. 

FOEMATION  OF  DIAMONDS. 

The  establishment  of  the  identity  of  Carbon  and  the  Dia- 
mond soon  led  persons  to  anticipate  the  time  when  our  home 
manufactures  should  rival  the  produce  of  Golconda.  In  such 
speculations  it  is  but  reasonable  to  take  into  account  the  reflec- 
tion with  which  Mrs.  Somerville  closes  the  following  passage : 
"  It  had  been  observed  that  when  metallic  solutions  are  sub- 
jected to  galvanic  action,  a  deposition  of  metal,  generally  in 
the  form  of  minute  crystals,  takes  place  on  the  negative  wire. 
By  extending  this  principle,  and  employing  a  very  feeble  voltaic 
action,  M.  Becquerel  has  succeeded  in  forming  crystals  of  a 
great  proportion  of  the  mineral  substances,  precisely  similar  to 
those  produced  by  nature.  The  electric  state  of  metallic  veins 
makes  it  possible  that  many  natural  crystals  may  have  taken 
their  form  from  the  action  of  electricity  bringing  their  ultimate 
particles,  when  in  solution,  within  the  narrow  sphere  of  molecu- 
lar attraction,  which  is  the  great  agent  in  the  formation  of  solids. 
Both  light  and  motion  favour  crystallisation.  Crystals  which 
form  in  different  liquids  are  generally  more  abundant  on  the 
side  of  the  jar  exposed  to  the  light;  and  it  is  a  well-known  fact 
that  still  water,  cooled  below  thirty-two  degrees,  starts  into 
crystals  of  ice  the  instant  it  is  agitated.  Light  and  motion  are 
intimately  connected  with  electricity,  which  may  therefore  have 
some  influence  on  the  laws  of  aggreg.'xtion :  this  is  the  more 
likely,  as  a  feeble  action  is  alone  necessary,  provided  it  be  con- 
tinued for  a  sufficient  time.  Crystals  formed  rapidly  are  gene- 
rally imperfect  and  soft ;  and  M.  Becquertl  found  that  even 
years  of  constant  voltaic  action  were  necessar}  for  the  crystallis- 
ation of  some  of  the  hard  substances.  If  this  law  be  general,  hoio 
many  ages  may  be  required  for  the  formation  of  a  Diamond  ?" 

Simmler  suggests  that  Diamond  may  possibly  be  a  product 
of  crystallisation  from  liquid  carbonic  acid.  Diamond  often 
contains  cavities ;  and,  as  Sir  David  Brewster  has  observed,  with 
accompanying  circumstances  which  point  to  a  strong  pressure 
in  the  interior,  although  he  does  not  state  whether  they  con- 
tained water. 

Brewster  explained  his  observations  of  the  coloured  rings 
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with  the  black  cross  around  the  cavities  by  ascribing  to  the 
diamond  a  gummy  consistence  and  vegetable  origin.  Simmler 
suggests  that  it  may  rather  be  compared  to  that  of  unequally 
compressed  glass. 

To  confirm  this  view  of  the  formation  of  diamonds,  it  would 
be  necessary  to  prove  that  liquid  carbonic  acid  possessed  a  sol- 
vent power  for  carbon  similar  to  that  which  bisulphide  of  car- 
bon has  for  sulphur,  or  liquid  sulphide  of  phosphorus  for  phos- 
phorus. Experiments  which  Simmler  made  in  this  direction, 
with  a  view  of  preparing  liquid  carbonic  acid  by  Faraday's 
method,  gave  no  results,  as  the  tubes  always  exploded. — Phi- 
losophical Magazine,  No.  114. 

The  old  notion  that  "  Diamonds  grow  "  has  lasted  to  our 
own  time.  When  Dr.  Buchanan  visited  the  diamond-mine  of 
Panna  in  India,  the  workmen  assured  him,  "  that  the  genera- 
tion of  diamonds  is  always  going  forward,  and  that  they  have 
just  as  much  chance  of  success  in  searching  earth  which  has 
been  fourteen  or  fifteen  years  unexamined  as  in  digging  what 
has  never  been  disturbed ;  and,  in  fact,  he  says,  I  saw  them 
digging  up  earth  which  had  evidently  been  before  examined." 
M.  Voysey,  who  visited  some  of  the  principal  diamond-mines  of 
Southern  India  in  1821,  confirms  the  statement  of  Dr.  Bucha- 
nan, that  the  diamonds  are  supposed  to  grow  in  the  old  ruli- 
bish  that  had  been  previously  examined.  Nay,  the  truth  of  this 
opinion  may  be  considered  as  demonstrated  by  the  fact,  that 
the  miners  no  longer  quarry  fresh  breccia  from  beneath  the 
sandstone,  but  "  are  content  with  sifting  and  examining  the 
old  rubbish  of  the  mines,"  and  in  which  they  actually  find 
diamonds.  The  opinion  that  diamonds  grow  in  the  previously 
washed,  sifted,  and  examined  rubbish,  and  that  the  chips  and 
small  pieces  rejected  by  former  searchers  actually  increase  in 
size,  and  in  process  of  time  become  large  diamonds,  prevails 
every  where  in  India  ;  and  even  at  Grani  Parteal  or  Couloure, 
where  the  great  Koh-i-noor  was  found,  the  search  is  confined  to 
the  rubbish  of  the  old  mines. 

M.  Voysey,  who  was  geologist  to  the  Indian  Trigonome- 
trical Survey,  adds  the  important  observation,  that  in  hot  cli- 
mates crystallisation  goes  on  with  wonderful  rapidity,  and  that 
he  hoped  at  some  future  period  to  produce  undeniable  proofs 
of  the  recrystallisation  of  amethyst,  zoolite,  and  feldspar  in 
alluvial  soil !  Unfortunately  for  science,  M.  Voysey  died  soon 
tifter  the  above  was  printed. 

NEW  DIAMOND. 

MM.  Wohler  and  Deville  have  made  experiments  upon 
Boron,  from  which  it  appears  that  it  can  exist  in  three  states, 
exactly  corresponding  to  those  of  carbon,  viz.  the  amorphous, 
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Ktirfoo"''  '^""^  the  crystallised  state.  In  order  to  obtain  the 
latter,  100  grammes  (:^  ounces)  of  boric  acid  and  ei-hty  of 

huTCT'^-ur  '^K'f^'  ^'^""g  to  a  violent  fil-e  in  a 

black  crucible  coated  with  charcoal-powder.    The  mass  is  then 

iome  to'2'  ^""^  ^'"'"^.^"^  «™^'ble,  two  distinct  stratS 
S  onn,^~''''  consisting  of  vitrified  Boric  Acid,  or  Boracic 

it  a  Zt^Z'Vr'  ^  ''f'''''  ''^"^  of 'aluminium 

enaraS  thp  1  if'^''^'^'^  "P  ^ith  crystals  of  boron.  To 

caus  L  sol    n  H ^"'^  ^ith  boiling 

caustic  soda  to  dissolve  the  metal;  then  with  boiling  hydro- 
chloric acid  to  carry  off  the  iron  which  may  have  been  sfDamted 
ft;pm  the  plumbago  of  the  crucible  ;  and  iLtly  wfth  a  xSS^^^^^^ 
tt'sor"  Af/'Tv""f.         *°  dissolve  th'e  sThcium Tf  "by 

fi^e  polish.     ^     ^  diamond-powder,  and  give  a 

WHAT  PEECIOUS  STONES  AEE  MADE  OF. 

Of  ICr^:;  ^^-^^      ^mg  and  chief 

diamond  is  the  ultb  ate  efforf^^^^^^ 

evolution  of  coal--re  but^^^^^^       idealisation,  the  spiritual 

are  among  our  best  ™  tW  r^^.-^^""'"*-  ^et  these 
ter's  clay.^  In  everv^ion'.,.'  I^^ations  of  common  pot- 

lunety-two  are  pure  .him in?  %f  ^'^^^^^^^  Sapphire, 

that  glonous  bCligtrtSn'  ThrRT"-''^^  * '  "^^^ 
chromic  acid.    The  AmetW^;     i  coloured  with 

grains  of  amethysrnh  et^-elh^  ''^'^  100 
same  substance  as  that  wh  ch  SeX  'u^I-  PF\fli^t-the 
box,  used  before  our  uhoZhn^.     a  the  tinder- 

and'which,  ground  up  and  nZn.^'i^  sulphur-headed  matches; 
artists'  colours  SfthL  samr.?K'7   '      ''"^  vehicle  of 

rock  crystal,  Egypt^p  i^^^S  Tj't'Ioo'''^ 
mnetyare  pure  silica  and  ten  water^'^It  -.^  H  ^  ^^?P^^' 
which  gives  the  gem  that  pecuHarlV^U^g^^^^^^^ 
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colouring  which  is  so  beautiful,  and  which  renders  the  opal  the 
moonlight  queen  of  the  kingly  diamond.  The  Garnet,  the  Bi-a- 
zilian — not  the  Oriental— Topaz,  the  Occidental  Emerald,  which 
is  of  the  same  species  as  the  Beryl,  all  these  are  compounds  of 
silica  and  alumina.  But  the  beryl  and  emerald  are  not  com- 
posed exclusively  of  silica  and  alumina  :  they  contain  another 
earth,  called  glucina— from  glukos,  sweet,  because  its  salts  are 
sweet  to  the  taste.  The  Hyacinth  gem  is  composed  of  the 
earth,  not  so  long  discovered,  called  zirconia,  first  discovered 
in  that  species  of  hyacinth  stone  known  as  zircon.  The  zircon 
is  found  in  Scotland.  To  every  100  parts  of  hyacinth  seventy 
are  pure  zirconia.  A  Chrysolite  is  a  portion  of  pure  silicate  of 
masjnesia.  Without  carbonate  of  copper  there  would  be  no 
Malachite  in  Russia  or  at  the  Burra  Burra  mines  ;  without 
carbonate  of  lime  there  would  be  no  Carrara  marble  ;  the  Tur- 
quoise is  nothing  but  a  phosphate  of  alumina  coloured  blue  by 
copper  ;  and  the  Lapis  Lazuli  is  only  a  bit  of  earth  painted 
throughout  with  sulphuret  of  sodium. 

CARBONIC  OXIDE. — CARBONIC  ACID. 

Professor  Dumas  has  illustrated  the  great,  and  indeed  almost 
unsurpassed,  influence  of  carbonic-oxide  gas.  The  judicial 
investigations  in  France  have  disclosed  the  fatal  eflfects  of  this 
gas  as  being  much  greater  than  carbonic-acid  gas.  In  the 
atmosphere  produced  by  the  burning  of  charcoal,  part 
of  carbonic  oxide  was  fatal,  while  with  one-third  the  volume 
of  carbonic  acid  the  animal  was  asphyxiated,  but  afterwards 
revived. 

The  volume  or  bulk  of  carbonic-acid  gas  expired  by  a  healthy 
adult  in  twenty-four  hours  is  said  to  amount  to  15,000  cubic 
inches,  containing  about  six  ounces  of  solid  carbon.  This  is 
at  the  rate  of  137  pounds  avoirdupois  per  annum  ;  and  taking 
the  total  population  of  the  globe  at  seven  hundred  and  sixty 
millions,  the  amount  of  solid  carbon  or  charcoal  every  year 
produced  by  the  human  race  will  exceed  46,482,143  tons! 
Adding  to  this  all  the  carbon  produced  by  the  combustion  of 
fires  and  gas-lights,  by  the  decay  of  animal  and  vegetable  mat- 
ter, the  exhalations  from  springs,  &c.,  there  need  be  no  marvel 
as  to  the  source  whence  plants  derive  their  solid  or  woody 
material  (which  is  principally  carbon),  seeing  that  their  leaves 
are  specially  fitted  for  the  absorption  of  carbonic-acid  gas  from 
the  surrounding  atmosphere. 

On  the  lowest  calculation,  the  population  of  London  must 
add  to  the  atmosphere  daily  4,500,000  pounds  of  carbonic  acid. 

It  is  supposed  that  from  the  enormous  quantity  of  carbonic 
acid  which  appears  from  time  to  time  in  the  atmosphere  of  the 
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New  World,  and  from  the  large  number  of  volcanoes  that  exist 
in  the  country,  that  a  portion  of  the  carbonic  acid  of  the  air  in 
other  countries  is  due  to  them,  and  that  they  thus  contribute 
in  part  to  nourish  the  vast  and  beautiful  vegetation  of  the 
Tropics. 

LIQUID  AND  SOLID  CAEBONIC  ACID. 

The  means  employed  by  the  discoverer  (Faraday)  for  reduc- 
ing gases  into  fluids  are  of  admirable  simplicity.  A  simple 
bent  tube,  or  a  reduction  of  temperature  by  artificial  means, 
has  superseded,  in  his  hands,  the  most  powerful  compressing 
engines. 

When  sulphuric  acid  is  poured  upon  limestone  in  an  open 
vessel,  carbonic  acid  escapes  with  eflFervescence  as  a  gas  ;  but  if 
the  decomposition  be  efi^ected  in  a  strong,  close,  and  suitable 
vessel  of  iron,  we  obtain  the  carbonic  acid  in  a  state  of  liquid. 

Its  properties  are  very  curious.  When  a  small  jet  of  it  is 
permitt_ed  to  escape  in  the  atmosphere,  it  assumes  its  gaseous 
state  with  extraordinary  rapidity,  and  deprives  the  remaining 
fluid  of  heat  so  rapidly  that  it  congeals  into  a  white  crystalline 
mass  like  snow  :  this  is  pure  frozen  carbonic  acid,  with  a  tem- 
perature of  at  least  144°  Fahrenheit  below  that  of  freezing 
water. 

When  exposed  to  the  air,  nay,  when  thrown  into  a  red-hot 
capsule,  this  snow-like  carbonic  acid  retains,  while  continually 
evaporating,  its  solid  form  (in  that  portion  which  has  not  yet 
evaporated)  ;  and  so  long  as  it  retains  its  solid  form,  it  retains 
also  its  low  temperature  (its  melting-point).  The  more  rapid 
addition  of  heat  hastens  its  evaporation,  but  produces  no  other 
change  on  the  portion  which  remains  solid. 

If  we  handle  solid,  snow-like  carbonic  acid,  we  perceive 
but  little  of  its  iotense  cold,  because  its  light,  spongy,  porous 
structure,  like  that  of  dry  flakes  of  snow,  ofi"ers  very  few  points 
of  contact  with  the  skin,  and  hence  can  withdraw  from  it  but 
little  of  its  heat. 

But  if  we  press  the  solid  acid  with  some  force  on  the  skin 
the  circulation  of  the  blood  is  arrested  at  the  point  touched' 
as  by  a  metal  at  a  dull  red  heat ;  a  white  spot  appears,  which 
in  fifteen  seconds  becomes  a  blister,  and  in  two  minutes  a  white 
depression  is  formed,  followed  by  suppuration  and  healing,  a 
scar  being  left.  ■'     rr  6,  a 

The  solid  carbonic  acid  communicates  to  ether  its  very  low 
temperature ;  and  if  the  mixture  be  placed  upon  mercury,  it 
(the  metal)  wiU  become  in  a  few  minutes  solid  and  malleable 
^  When  the  mixture  of  ether  and  solid  carbonic  acid  is  placed 
m  the  vacuum,  the  increased  and  accelerated  evaporation  pro- 
duces so  mtense  a  degree  of  cold  (from  180°  to  200°  below  the 
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freezing-point  of  Fahrenheit),  that  most  of  the  compound  gase? 
become  liquid  when  exposed  to  it,  and  several  are  frozen 

it  you  put  the  mixture  of  ether  and  solid  carbonic  acid  into 
a  red-hot  crucible,  it  will  require  for  its  conversion  into  aas  as 
much  time  as  it  would  in  the  air  at  the  ordinary  temperature  ; 
and  if  you  introduce  into  the  mixture,  in  a  vessel  of  ordinar^ 
temperature,  or  in  the  red-hot  crucible,  a  small  tube  containing 
mercury,  the  mercury  freezes  and  becomes  solid.* 

SULPHUR  IN  HAIR  AND  WOOL. 
The  proportion  of  Sulphur  in  Hair  and  Wool  is  very  large  • 
and  as  they  are  daily  growing,  they  necessarily  draw  upon  and 
rob  the  laud  of  sulphur,  its  especial  constituent.  Professor 
Johnston,  in  his  Elements  of  Agricultural  Chemistry  and  Geo- 
logy, states  that  the  wool  which  is  grown  in  Great  Britain  and 
Ireland  carries  off  the  land  every  year  upwards  of  4,000,000 
of  pounds  of  sulphur,  to  supply  which  would  require  the  addi- 
tion to  the  soil  of  300,000  tons  of  gypsum.  Things  that  appear 
trifling  to  us  when  viewed  in  the  small  way  in  which  we  actu- 
ally see  them,  become  important  when  considered  in  the  large 
scale  in  which  they  take  place  in  nature.  The  hair  on  the 
heads  of  our  population  carries  off  nearly  half  as  much  as  the 
wool  of  our  sheep  :  it  is  not  without  reason,  therefore,  that  the 
Chinese  collect,  and  employ  as  a  manure,  the  hair  shaven  every 
ten  days  from  the  heads  of  their  people.— i^or^A  British  Review, 
No.  6. 

Professor  Bailey  states,  in  Silliman's  Journal,  that  with 
the  nitroprusside  of  soda  he  has  detected  the  presence  of  sul- 
phur in  the  smallest  portion  of  coagulated  albumen,  horn, 
nails,  feathers,  &c.  supported  on  a  platinum-wire  for  blowpipe 
experiments  ;  and  he  has  often  obtained  the  beautiful  purple 
tint  in  operating  upon  a  piece  of  a  single  fibre  of  the  human 
hair  less  than  one  inch  in  length. 

SULPHUR  IN  BOILED  EGGS. 

It  is  well  known  that  silver,  when  brought  in  contact  with 
eggs  which  have  been  heated,  is  blackened,  and  that  this  dis- 
coloration is  owing  to  the  sulphuret  of  silver.  It  is  usually 
admitted  that  this  sulphuret  is  formed  by  the  action  of  the 
sulphuretted  oils  supposed  to  exist  in  the  yolk  of  the  egg.  31. 
Gobley,  not  having  found  in  this  body  any  thing  of  this  nature, 
has  examined  the  causes  of  the  phenonenon  :  he  finds  that  the 
yolk  of  an  egg  at  the  common  temperature,  and  also  when 
heated,  does  not  discolour  silver,  even  by  several  hours'  con- 

•  The  Tate  Sir  Isambavd  Brunei  for  ten  years  carried  on  experiments  in 
constructing  a  machine  for  using  carbonic-acid  gas  as  a  motive  power. 
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tact.  He  further  finds  that  albumen,  as  procured  from  the 
egg,  does  not  tarnish  silver,  but  when  heated  it  gives  it  a 
brown  tint,  which  is  stronger  as  the  heat  is  greater.  He  there- 
fore concludes  that  the  discoloration  of  the  silver  is  due  to 
the  sulphur  contained  in  the  albumen,  and  not  to  that  sup- 
posed to  exist  in  the  yolk.  By  other  experiments  he  has  ascer- 
tained that  the  sulphuret  thus  formed  is  not  the  result  of  the 
immediate  action  of  the  sulphur  upon  the  silver,  but  by  the 
application  of  heat  the  sulphur  and  the  alkali  of  the  albumin- 
ous matter  react  upon  each  other  so  as  to  form  a  substance 
which  is  afterwards  decomposed  by  this  metal. 

PHOSPHOKUS. 

It  is  now  nearly  two  centuries  since  Brandt,  the  Hamburgh 
alchemist,  in  his  search  for  gold,  accidentally  discovered  the 
elementary  body  Phosphorus,  named,  from  its  property  of 
being  luminous  in  the  dark,  from  two  Greek  words,  phos,  light, 
and  phero,  I  bear.    Within  two  years  of  this  discovery,  or 
m  1670,  one  Kraft  brought  a  small  piece  of  phosphorus  to 
London,  and  showed  it  to  Charles  II.  and  his  Queen,  the 
year  after  peace  was  concluded  with  Holland.    The  Hon. 
Robert  Boyle  afterwards  discovered  the  process,  which  he  de- 
scribed in  the  Philosophical  Transactions  for  1680,  and  in  a 
small  work  which  he  published  in  the  same  year,  entitled  the 
Aerial Noctiluca.    Mr.  Boyle  instructed  Mr.  Godfrey  Hankwitz 
of  London  how  to  procure  phosphorus  from  urine,  so  that  he 
was  the  first  who  made  it  for  sale  in  England  ;  and  he  is  said 
to  have  supplied  aU  Europe  with  it  for  many  years.   It  con- 
tinued long  to  be  an  expensive  chemical :  for  in  1731  we  find 
by  the  books  of  the  Royal  Society  that  for  Dr.  Frobenius's 
experiments  on  the  Transmutation  of  Phosphorus,  exhibited 
before  the  Prince  of  Wales,  the  phosphorus  used  on  the  occa- 
sion, amounting  to  six  ounces,  cost  ten  guineas  ! 

Phosphorus  has  since  been  known  as  a  dangerous  combusti- 
ble and  most  deadly  poison. 

Since  about  1660  (says  Dr.  G.  WOson)  we  have  been  familiar  with 
Phosphorus  as  a  soft,  semi-transparent,  nearly  colom-less,  wax  ke^b 
stance,  possessed  of  a  glassy  stnlctm-e,  exhal^ g  in  the  a  r  an  o^uJ^^ 
garlic  shming  at  the  freezing-point  of  ^ater,  mflting  a  bundled  decrees 
below  the  boihng-pomt  (lll-5o  F. )  of  that 'liquid,  bursting  into  flame 
in  the  air  at  a  temperature  a  little  higher,  and  y  eldino-  a  tSck  whk« 
smoke,  condensmg  into  a  snow  of  pho%horicacW.  This  form  oTt^^^ 
i',^t''tr!^T?.'^^  ^  distingUh  as  vitreous  phospS  It  is 
ZTtl^^"-^^^  preserved  with  safety  only  imder'wateJ 

and  there  is  scarcely  a  chemist  who  has  not  been  in  some  de^el  Tmar 
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daily  administration  in  infinitesimal  doses  infallibly  occasions.  It  reacts 
80  powerfully  upon  the  air  in  which  it  is  permitted  to  fume,  that  it 
changes  its  oxygen  into  the  energetic,  oxidising,  deodorising,  and 
bleaching  agent  which  is  known  as  ozone.  In  a  word,  it  exhibite  in  aii 
intense  degree  an  affinity,  or  tendency  to  combine,  alike  with  metals 
and  non-metals,  and  strikingly  alters  each  by  its  union  with  it. — Edin- 
hurgh  Essays,  1856. 

Vitreous  Phosphorus  is  susceptible  of  these  modifications  :  1.  From 
the  glassy  to  the  crystalline  condition.  2.  By  exposure  under  water  to 
air  and  light,  it  becomes  a  ivhite,  opaque  body.  3.  By  fusion,  heat,  and 
sudden  cooling,  black  and  opaque.  4.  By  heat  and  sudden  cooling,  viscid 
like  sulphur,  and  in  consistence  like  caoutchouc.  6.  An  amorphous 
red  solid. 

Phosphorus,  however,  when  prepared  red,  or  amorphous, 
is  much  less  fusible  than  common  phosphorus.  This  red 
phosphorus  is  not  poisonous,  even  when  directly  administered 
in  doses  a  hundred  times  greater  than  those  which  are  fatal 
with  vitreous  phosphorus  ;  it  may  be  handled  with  impunity ; 
and  by  Schrotter's  process  of  preparing  it,  the  manufacture, 
use,  and  carriage  of  lucifer-matches  made  with  it  are  much 
less  dangerous  than  formerly.  Messrs.  AUbright,  near  Bir- 
mingham, have  for  several  years  prepared  this  red  phosphorus 
on  a  large  scale.  The  common  phosphorus  is  derived  from 
calcined  bones,  by  treating  them  with  sulphuric  acid  and 
water ;  and  it  is  rendered  amorphous  by  exposing  it  for  fifty 
hours  to  a  temperature  of  about  500°  in  an  atmosphere  which 
is  unable  to  act  chemically  upon  it. 

The  Lucifer  Match  was  invented  in  1827,  by  Mr.  John  ■ 
Walker,  a  chemist  and  druggist,  of  Stockton-upon-Tees.  He 
was  preparing  with  phosphorus  some  lighting  mixture  for  his 
own  use,  when  by  accidental  friction  on  the  hearth  of  a  match 
dipped  in  the  mixture  a  light  was  obtained.  The  hint  was  i 
not  thrown  away.  Mr.  Faraday,  it  is  said,  first  brought  the 
discovery  into  practice.  Mr.  Walker  died  in  1859,  aged 
seventy-eight. 

The  Bolognian  Phosphorus,  one  of  the  most  powerful  of  the 
solar  phosphoric  substances,  had  a  curious  origin.  It  was  the 
accidental  discovery  of  Viscenzio  Cascariolo,  a  shoemaker,  of 
Bologna,  who,  about  the  year  1630,  being  engaged  in  some 
alchemical  experiments,  had  occasion  to  calcine  a  quantity  of 
active  sulphate  of  barytes,  found  near  Bologna  at  Monte 
Patemo.  He  observed  that  whenever  this  mineral  had  been 
suflSciently  heated,  it  acquired  the  property  of  shining  in  the 
dark  after  having  been  exposed  to  the  sun's  rays,  and  that  it 
would  even  continue  thus  to  emit  light  for  some  hours.  The 
best  mode  of  preparing  this  substance  became  a  subject  of  no 
small  pecuniary  importance,  and  a  family  of  the  name  of  Zagoui 
appear  to  have  been  the  most  successful  preparers  of  it. 
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NICE  ESTIMATE  OF  LIGHT. 

Mr.  Faraday  and  M.  Becquerel.  to  show  that  fluorescence 
and  phosphorescence  are  luminous  conditions  differing  only  in 
the  tiine  of  their  continuance,  employ  the  Phosphoroscope,  the 
cylinder  of  which  revolves  300  times  in  a  second,  showing  a 
phosphorescent  effect  which  lasts  only  the  ^oW,  or  even  the 
ffTiW  of  a  second. 

_  Several  times  Mr.  Faraday  has  observed  that  a  flash  of  light- 
ning, when  seen  as  a  linear  discharge,  left  the  luminous  trace 
of  its  form  on  the  cloud,  enduring  for  a  sensible  time  after  the 
hghtning  was  gone ;  the  true  explanation  of  which  Mr.  Fara- 
day considers  to  be  the  phosphorescence  of  the  cloud. 

An  instrument  has  been  constructed  for  producing  isolated 
lummous  impressions,  varying  from  one-tenth  to  one-millionth 
of  a  second. 

UBIQUITY  OF  IODINE. 

Iodine,  thus  called  on  account  of  its  violet  colour,  from  the 
Greek  word  lodos,  was  accidentally  discovered  by  M.  Courteois 
a  manufacturer  of  saltpetre,  at  Paris,  in  1812.  In  his  process 
for  procuring  soda  from  the  ashes  of  sea-weed,  he  found  the 
metallic  vessels  much  corroded,  and  in  searching  for  the  cause 
ne  made  the  important  discovery. 

•  i?^"*  Humphry  Davy  tried  to  decompose  iodine,  but  he  faUed 
in  his  subtle  analysis;  and  to  the  present  day  iodine  is  con- 
sidered as  a  simple  body— one  of  the  primitive  elements  of  our 
terrestrial  world. 

Where  do  we  find  iodine  ?  a  little  everywhere  and  in  every 
thing,  but  generally  a  very  small  proportion.  All  the  fishes, 
shells,  sponges,  and  ocean  weeds  yield  iodine;  and  the  wrack- 
?rass,  those  fuci  which  the  boiling  and  rolling  of  the  waves 
leposit  upon  the  barren  shores,  seemed  to  be  useless  refuse 
but  are  now  known  to  yield  a  useful  substance  in  pharmac^ 
and  the  arts.  Iodine  has  the  property  of  dissolving  the  gland  of 
goitre  and  cretinism,  and  is  the  principal  agent  in  Photography 
wnfL    '  evidence  of  the  existence  of  iodine  in  marine  and  fresh- 

water aquatic  plants  from  all  quarters  of  the  Hobe  Fermented 

S^verZrfSw  r  ^'  Ife  •""•^  r^'^       -ore  iodureSThan 
uie  average  of  fresh  waters.    Milk  is  richer  in  iodine  than  wine  •  inde 
pendently  of  the  soil,  with  which  it  varies,  the  proportion  Sdi^e  in 
rot  th.?/m  ratio  of  the  abund;nce  of  thatV^etioi  EgS 

(not  the  shell)  contam  much  iodine  :  a  fowl's  e^ewei-hinsr  fiftv  ^r^^l 

various  sorii  is  t  coVsS^'-Snf  eSTn 

nlo      A     ,      abundant  m  sulphur,  and  in  ores  of  iron  and  man 

cfatin  Pf  ^"'■'^^^"d  antiscrofiilous  are  rich  in  iodme.    To  sum  up 
M.  Chatm  shows  that  lodme  has  been  detected  in  the  watersTf  S 
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ocean,  lakes,  and  springs ;  in  the  solid  crust  oftheTarth  ni  vanou. 
mineral  compounds  ;  in  man v  plants,'  chiefly,  if  not  entirely,  aquatic- 
in  animals  ;  as  an  mgredientm  the  earth's  atmosphere,  as  in  rain  dew 
and  snow.  The  test  admits  of  extraordinary  .lelicacy  :  Dr  Price  hai 
detected  the  j^(,t>o6ba  P^'-t  of  iodine  dissolved  in  water  as  iodide  of 
potassium. 

Iodine  stains  the  skin,  but  not  permanently ;  it  has  a  very 
energetic  action  upon  the  animal  system,  and  is  much  used  iu 
medicine.  One  of  its  most  characteristic  properties  is  the  pro- 
duction of  a  splendid  blue  colour  in  contact  with  the  organic 
principle  starch. 

EARLY  GAS-LIGHTING. 

^  Soon  after  the  establishment  of  the  first  gas-works  at  West- 
minster, in  1810-12,  an  extensive  explosion  took  place  on  the 
premises,  when  a  committee  of  the  Royal  Society  was,  at  the 
request  of  the  Government,  appointed  to  investigate  the  mat- 
ter. They  met  several  times  at  the  gas-works  to  examine  the 
apparatus,  and  made  a  very  elaborate  report,  in  which  they  stated 
as  their  opinion,  that  if  gas-lighting  was  to  become  prevalent, 
the  gas-works  ought  to  be  placed  at  a  considerable  distance 
from  all  buildings,  and  that  the  reservoirs  should  be  small  or 
numerous,  and  always  separated  from  each  other  by  mounds  of 
earth  or  strong  party- walls  !  Some  sixty  years  before,  in  1753, 
Sir  James  Lowther  described  to  the  Royal  Society  a  curious 
notice  of  a  spontaneous  evolution  of  gas  at  a  colliery  near 
Whitehaven.  It  annoyed  the  workmen  so  much  that  a  tube 
was  made  to  carry  it  off.  Sir  James  states  that  parties  were  in 
the  habit  of  filling  bladders  with  the  gas,  and  burning  it  at 
their  convenience.  It  appears  strange  that  this  hint  did  not 
bring  gas -lighting  into  use  earlier.— P/w7o«.  Trans,  vol.  38. 
(See  "  Progress  of  Gas-lighting,"  Things  not  generally  Known, 
First  Series,  p.  198.)  ^  ^       ^  ^ 

UNWHOLESOMENESS  OF  LIGHTS. 
Recent  experiments  have  proved  that  Lights  of  equal  inten- 
sity, obtained  from  different  materials,  require  very  different 
lengths  of  time  to  generate  the  same  quantity  of  carbonic  acid. 
The  following  is  the  relative  time  required  by  common  mate- 
rials :  Olive-oil,  72  minutes  ;  Russian  tallow,  75 ;  common 
(French)  tallow,  76;  whale-oil,  76;  stearic  acid,  77;  wax 
candles,  79 ;  spermaceti,  83 ;  gas  fi-om  common  coal,  98 ;  gas 
from  cannel  coal,  152  minutes.  Coal-gas,  therefore,  and  espe- 
cially gas  from  cannel  coal,  is  the  least  unhealthy  of  all  ordinary 
lights,  which  is  contrary  to  the  usual  opinion. 

*  Nearly  fifty  years  since,  the  writer  remembers  the  pulp  of  sea-weed  as  a 
popular  remedy  for  the  spine  and  limbs  of  weak  and  rickety  children,  much  in 
use  at  Brighton  and  other  watering-places,  long  before  the  existence  of  Iodine  in 
marine  plants  had  become  generally  known. 
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EFFECTS  OF  CAEBURETTED  HYDROGEN  ON  PLANTS. 

A  collection  of  exotic  plants  in  a  green-house  in  Philadel- 
M  phia  was,  through  the  breakage  of  the  city  "  mains,"  and  the 
consequent  leakage  of  a  large  quantity  of  gas,  exposed  to  its 
deleterious  influence.  The  plants,  numbering  nearly  3000, 
were  almost  entirely  ruined.  Those  in  leaf  did  not  suflFer,  nor 
did  a  row  of  maple-trees  immediately  over  the  leak  ;  the  injury 
sustained  being  entirely  through  their  breathing  organs.  The 
general  sympathy  known  to  exist  between  the  genera  of  the 
same  natural  order  extends  to  the  action  of  this  deleterious  sub- 
stance upon  them.  The  beautiful  Amantiacece  were  so  keenly 
sensitive  to  the  poison  that  even  large  old  specimens  were 
stripped  at  once.  The  floor  was  covered  with  leaves,  and 
oranges  and  lemons  in  all  stages  of  growth,  from  fruit  first 
formed  to  that  fully  matured.  The  trees,  by  careful  pruning 
and  nursing,  were  somewhat  restored.  CamellicB  were  in  full 
bloom,  in  about  120  varieties  ;  not  a  leaf,  bud,  or  flower  re- 
mained upon  the  largest  and  the  finest  plants. 

CHEMICAL  EFFECTS  OF  INTERMENT  IN  VAULTS  AND 
CATACOMBS. 

Although  much  had  been  said  and  written  on  the  decompo- 
sition of  the  human  body  after  interment  in  the  earth,  but 
little  was  known  until  lately  respecting  the  process  and  results 
of  such  decomposition  when  modified  by  the  corpse  being  placed 
in  a  vault  or  catacomb. 

In  1849  and  1850,  Mr.  Walter  Lewis,  by  direction  of  the 
General  Board  of  Health,  visited  the  vaults  of  the  principal 
churches  of  London,  noted  the  external  appearance  of  more 
than  22,000  coffins,  and  the  contents  of  nearly  100,  and  several 
times  tested  or  analysed  the  atmosphere  of  the  vaults.  In  no 
case  did  he  discover  the  slightest  trace  of  cyanogen,  hydrocyanic 
acid,  or  phosphuretted,  sulphuretted,  or  carburetted  hydrogen, 
except  a  very  minute  quantity  of  sulphuretted  hydrogen  in  the 
air  of  a  single  vault,  which  contained  but  few  cottius.  The 
corroded  parts  of  old  leaden  coffins  were  always  found  to  be 
carburet  of  lead,  with  no  trace  of  sulphate  or  sulphuret.  Some 
of  the  coffins  contained  ammoniacal  gas  in  large  quantities, 
and  others  none  at  all ;  but,  with  this  exception,  the  contained 
air  was  nearly  alike  in  all,  being  composed  of  nitrogen,  carbo- 
nic acid,  common  air,  and  animal  matter  in  suspension.  When 
ammonia  was  present,  it  overcame  every  other  odour;  when 
absent,  the  smell  resembled  that  of  very  putrid  moist  cheese. 
The  result  was  the  same,  whether  the  interment  had  been  made 
a  few  weeks  or  a  century  and  a  half  previously,  whatever  the 
cause  of  the  disease,  or  the  age  at  which  it  took  place.    Out  of 
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all  the  coffins  examined,  but  twenty  of  the  kaden  ones  hadl 
been  bulged  by  the  pressure  of  the  gases  in  the  interior    This  I 
IS  only  about  one  out  of  a  thousand,  and  shows  that  the  gases  • 
are  formed  very  slowly.    Mr.  Lewis,  from  various  inqoiries. 
could  not  ascertam  that  a  coffin  had  ever  been  known  to  burst ' 
suddenly  from  the  pressure  of  the  confined  air.     When  one  ■ 
becomes  bulged,  it  is  customary  for  the  sexton  to  make  a  smaU 
aperture  in  it,  to  which  is  applied  a  torch  as  an  antidote  to  the 
noxious  effect  of  the  escaping  gases.    Several  persons  whom 
Mr.  Lewis  had  consulted  had  heard  of  cases  in  which  the  gases 
caught  fire,  but,  after  searching  inquiry,  he  could  not  find  one 
■who  had  ever  seen  them  burn. 

Mr.  Lewis  infers  from  the  experiments  made  by  him  in 
vaults  and  catacombs,  that  the  deleterious  emanations  from 
these  depositories  may  continue  for  a  hundred  years  after  they 
are  closed  ;  they  are  not  rendered  noxious  by  poisonous  gases 
generated  during  the  process  of  decomposition,  but  by  the  ani- 
mal matter  itself,  with  which,  if  ventilation  is  not  allowed,  the 
air  becomes  saturated  ;  that  nitrogen  and  carbonic  acid,  hold- 
ing animal  matter  in  suspension,  steadily  but  quietly  make 
their  way  through  the  pores  of  lead  coffins,  and  by  the  same 
means  to  the  open  air,  so  that,  at  the  end  of  fifty  or  a  hundred 
years,  nothing  remains  but  a  few  dry  bones,  though  the  coffins 
are  still  sound  and  unruptured. 

Mr.  Lewis,  in  conclusion,  recommended  that  "interments 
in  vaults  and  catacombs  be  no  longer  permitted,  as  they  are 
but  so  many  active  volcanoes,  constantly  emitting  poisonous 
effluvia  ;  and  that  the  use  of  leaden  coffins  should  be  entirely 
discontinued.  "—Abridged  from  the  Lancet,  1851. 

Mr.  E.  V.  Tuson,  in  the  PJdlosoiMcal  Magazine  for  April 
1860,  maintains  that  the  substance  obtained,  as  above,  from 
leaden  coffins  is  carbonate  of  lead— that  it  is  anhydrous,  con- 
tains but  a  small  excess  of  oxide,  and  hence  differs  in  composi- 
tion from  other  carbonates  of  lead.  It  was  found,  during  the 
search  for  the  remains  of  John  Hunter  in  1859,  in  the  vaults  of 
the  church  of  St.  Martin's-in-the-Fields,  that  many  leaden  cof- 
ins  had  been  converted,  interiorly,  all  but  a  thin  outer  plate  or 
foil,  into  this  carbonate. 

See  also  "How  soon  a  Corpse  decays,"  Curiosities  of 
Science,  First  Series,  p.  237. 


VINOUS  FEKMENTATION. 


In  making  wine,  no  yeast  or  other  ferment  is  added  to  the 
must ;  but  vinous  fermentation  ensues  from  the  action  of  cer- 
tain nitrogeniferous  principles  existing  in  the  gi-ape-juice,  which 
confers  upon  them  the  properties  of  yeast.    Hence  it  has  been 
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asked  why  the  juice  of  the  grape  does  not  ferment  in  the  grape 
itself ;  and  how  it  is  that  ripe  grapes,  even  when  cut  from  the 
vine,  not  only  exhibit  no  such  tendency,  but,  as  long  as  the 
skin  is  entire,  shrivel  up  into  raisins.  This  anomaly  was  hypo- 
thetically  solved  by  assuming  that  the  gluten  or  ferment  was 
shut  up  in  distinct  vesicles,  which,  on  mashing  or  pressing  the 
fruit,  were  ruptured,  and  so  became  active.  But  Gay  Lussac 
found  that  when  thoroughly  bruised  grapes  were  carefully  ex- 
cluded from  the  air,  or  rather,  when  the  grapes  were  crushed  and 
pressed  out  of  the  presence  of  oxygen,  no  change  ensued  ;  but 
that  even  a  momentary  exposure  of  the  pulp  to  air  or  oxygen 
was  sufficient  to  endue  it  with  the  power  of  fermentation. 

It  is  curious  to  observe  how  admirably  the  exclusion  of  air 
is  provided  for  by  the  natural  texture  of  the  grape,  which  does 
not  allow  its  iugress,  and  yet  admits  of  the  egress  or  tran- 
spiration of  aqueous  vapour,  as  shown  by  the  spontaneous  desic- 
cation of  the  berry. — Brande's  Lectures^  abridged. 

These  Lectures  "  on  some  of  the  Arts  connected  with  Organic  Che- 
mistry," were  delivered  by  Professor  Brande,  at  the  Royal  Institution,* 
in  the  spring  of  1 862.  At  their  close,  Mr.  Brande  resigned  his  professor- 
ship, having  been  officially  attached  to  the  Institution  for  a  ijeriod  of 
forty  years,  or  since  1812,  when  he  succeeded  to  the  chair  vacated  by 
Sir  Humphry  Davy.  "Looking  at  the  Royal  Institution  (said  Mr. 
Brando),  I  revere  it  as  my  alma  mater,  where,  as  a  schoolboy,  I  listened 
to  the  fmitful  eloquence  of  Davy,  and  afterwards  partook  of  his  ac- 
quaintanceship and  friendship  ;  where  I  acquired  the  patronage  of  Sir 
Joseph  Banks  ;  where  I  was  singled  out  by  Wollaston  as  his  successor 
iu  the  secretaryship  of  the  Royal  Society;  where  I  came  into  frequent 
contact  with  the  chiefs  of  science  and  of  literatui-e  and  art ;  where  Fara- 
day became  my  pupil,  my  colleague,  and  my  friend, — these,  I  assure 
you,  are  only  a  very  few  of  the  proud  and  pleasing  reminiscences  which 
accompany  me  from  this  place  ;  and  they  are  unsullied  and  unalloyed. 
They  have  never  been  clouded,  tainted,  or  embittered.  I  again,  there- 
fore, thank  you  for  all  yom*  partiality  and  kindness ;  and  in  gratitude 
to  Providence,  in  whose  merciful  hands  are  all  the  issues  of  our  lives, 
I  respectfully  beg  you  to  accept  my  affectionate  farewell." 

VEGETABLE  FEEMENTATION. 

Mitscherlich,  of  Berlin,  believes  fermentation  to  be  brought 
about  by  the  vital  action  of  vegetable  cells  in  a  state  of  growth 
or  development.    Thus,  the  vegetable  cells  fouud  in  ferment- 

•  The  Royal  Institution  has  been  worthily  designated  "  the  workshop  of  the 
Eoyal  Society."  The  history  of  chemical  science  dates  one  of  its  principal 
epochs  from  the  establishment  of  the  laboratory  of  the  Royal  Institution.  Here 
the  researches  of  Davy  and  Faraday  extended  over  half  a  century;  including 
the  laws  of  electro-chemical  decomposition,  the  decomposition  of  the  fixed 
alkalies,  the  establishment  of  the  nature  of  chlorine,  the  philosophy  of  flame, 
the  condensibility  of  many  pases,  the  science  of  magnetic  electricity,  the  twofold 
magnetism  of  matter,  and  the  magneliism  of  the  gases.  The  mineralogical  col- 
lection in  the  museum  was  commenced  by  Davy ;  and  in  the  library  are  pre- 
nerved  the  great  chemist's  laboratory  note-books. 
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ing  beer  are  apparently  of  two  kinds,  and  belong  to  the  lowest 
forms  of  vegetable  life.     It  is  supposed  that,  through  the 
agency  of  the  vegetable  cells,  the  sugar  is  decomposed,  the 
carbonic-acid  gas  formed,  and  alcohol  and  water  developed. 
The  ultimate  action,  however,  in  the  vegetable  cell  is  due  to 
catalysis,  or  to  that  modification  of  this  force  which  Liebig 
calls  molecular  motion.    For  every  germinating  vegetable  cell 
consists,  first,  of  a  quantity  of  matter— such  as  starch  and  sugar  • 
— without  nitrogen  ;  and  secondly,  a  body  containing  nitrogen  t 
called  diastase.    This  latter  acts  as  a  ferment  during  germina-  • 
tion,  and  the  results  are  nearly  the  same ;  the  sugar,  starch,  , 
&c.  being  decomposed,  and  one  of  the  results  the  formation  i 
and  disengagement  of  carbonic-acid  gas. 

COMBUSTIBILITY  OF  GASES. 

The  combustibility  of  gases  is,  to  a  certain  extent,  in  direct 
proportion  to  the  masses  of  heated  matter  required  to  inflame 
them.  A  red-hot  wire  one-fortieth  of  an  inch  in  diameter  will 
not  ignite  olefiant  gas,  but  it  will  inflame  hydrogen  gas ; 
and  the  same  wire  heated  white-hot  will  inflame  olefiant  gas, . 
but  will  not  inflame  the  carburetted-hydrogen  gas  of  the  coal- 
mines, which,  fortunately,  is  the  least  combustible  of  all  the  .• 
inflammable  gases. — Sir  H.  Davy. 

ABSORPTION  OF  GASES  BY  CHAECOAL. 
When  we  had  ascertained  the  fact  of  gases  becoming  fluid 
under  the  influence  of  cold  or  pressure,  a  curious  property  v) 
possessed  by  charcoal,  that  of  absorbing  gases  to  the  extent  ' 
of  many  times  its  volume,— ten,  twenty,  or  even,  as  in  the 
case  of  ammoniacal  gas  or  muriatic-acid  gas,  eighty  or  ninety  , 
fold,— which  had  been  long  known,  no  longer  remained  a  mys-  ■ 
tery     Some  gases  are  absorbed  and  condensed  withm  thev 
pores  of  the  charcoal  into  a  space  several  hundred  times  smaUeM  »^ 
than  they  before  occupied ;  and  there  is  now  no  doubt  they  there« 
become  fluid  or  assume  a  solid  state.    As  in  a  thousand  other* 
instances,  chemical  action  here  supplants  mechanical  force&> 
Adhesion,  or  heterogeneous  attraction,  as  it  is  termed,  acquiredl 
by  this  discovery  a  more  extended  meaning.     It  had  never - 
been  before  thought  of  as  a  cause  of  change  of  state  m  mat- 
ter •  but  it  is  now  evident  that  the  adhesion  of  a  gas  to  thee 
surface  of  a  solid  body  is  a  process  opposite  to  that  of  solution.. 
— Liebig. 

WHAT  IS  DONE  WITH  THE  GASES  1 
One  species,  or  rather  a  variable  mixture  of  two  or  three,J 
composed  of  carbon  and  hydrogen,  is  made  m  the  outskirts  ol. 

i 

i 
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Inearly  every  town  nowadays  in  enormous  quantities,  and  then 
Isent  away  from  a  huge  trough  or  jar,  or  from  a  heart,  to  circu- 
jlate  through  a  system  of  metallic  arteries  for  the  purpose  of 
llightiiig  streets  and  houses.  HoflFman's  spirit  of  charcoal,  the 
Ifixed  air  of  Black,  the  carbonic  acid  of  the  present  nomencla- 
Iture,  is  studiously  crushed  into  bottles  of  soda-water  by  stout 
tnachinery,  to  be  quaflfed  by  the  luxurious  and  the  ailing  before 
pt  has  time  to  fly  away.  Our  cottons  and  linens  are  bleached  by 
Ichlorine.  Great  balloons  are  filled  with  the  phlogisticated  air 
lor  hydrogen  of  Cavendish,  the  lightest  of  corporeal  bodies,  to 
Icarry  men  of  science  and  fools  with  singular  impartiality. 
lOxygen  and  hydrogen  are  separated  from  chemical  union  with 
lone  another  in  water,  suflFered  to  remain  mechanically  mingled, 
fend  then  made  to  unite  by  combustion  at  the  nozzle  of  the 
bxyhydrogen  blowpipe,  so  as  to  produce  beautiful  and  useful 
l-esults.  The  arsenic  that  may  lurk  about  the  putrid  remains 
bf  a  dead  and  buried  man  is  transformed  by  an  easy  process 
Into  arseniuretted-hydrogeu  gas,  so  as  by  its  decomposition  to 
fcring  the  metal  that  laid  him  low  before  the  eye  of  a  jury.  The 
fepirit  of  hartshorn  is  now  understood  to  be  but  a  compound  of 
Litrogen  and  hydrogen,  called  ammonia,  absorbed  by  and  proba- 
Lly  in  combination  with  water  ;  while  the  old  spirit  of  salts,  or 
Inuriatic  acid,  is  just  an  aqueous  solution  of  hydrochloric  gas. 
phe  nitrogen  is  seduced  into  something  like  an  unwillino-  che- 
tnical  union  with  the  oxygen  of  the  atmosphere,  by  a  device 
borrowed  from  nature,  so  as  to  yield  the  niti-ate  of  lime  the 
hitrate  of  potassa  or  saltpetre,  the  nitrate  of  soda,  and  (by  a 
lecondary  process)  the  nitric  acid  or  nitrate  of  water  itself,  that 
Invaluable  oxidant  and  solvent  of  the  metallurgist  and  the 
Chemist.*  In  fact,  there  is  no  end  to  the  application  of  this 
neumatic  chemistry,  which  took  its  rise  from  the  mind  of 
oseph  Black,  who  lived  as  fine  a  life  of  science  as  was  ever 
ived,  and  died  with  a  cup  of  milkunspilt  in  his  hand.— vVor^A 
ntish  Iteview,  No.  35,  abridged. 

•  Nitric  acid  will  entirely  dissolve  bone  and  flesh,  both  disapnearine' with 
ut  any  smell.  Professor  Horsford,  of  the  United  Stat;s,  considers  tha  it '^^"U^^ 
o^Va'tr  bodf  °       '•^'^  ^''^  and  bone  >^d;l- 
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TRANSPARENCY  OF  METALS. 

Opacity  is  an  almost  universal  characteristic  of  metals,  as  we 
see  them  ;  but  gold  has  been  beaten  into  leaves  so  fine  as  to 
become  partially  transparent,— not  in  consequence  of  any 
cracks,  holes,  or  fissures,  but  by  the  shining  of  light  through 
its  substance.  These  leaves  are  l-200,000th  of  an  inch  m 
thickness.  The  light  transmitted  is  green,  although  the  m- 
cident  ray  is  white ;  thus  negativing  the  supposition  of  a 
mere  passage  through  orifices  in  the  gold,  and  provmg  the 
metal  to  possess  a  true  refractive  power,  unequal  for  different 
colours  of  light,  as  is  the  case  with  most  transparent  media. 
Silver-leaf  only  l-100,000th  of  an  inch  in  thickness  is  perfectly 

^^^The' above  phenomenon  of  gold  renders  the  supposition  pro- 
bable that  other  metals  might  also  become  transparent,  pro- 
vided they  were  sufficiently  malleable  to  be  beaten  out  luto 
leaves  of  the  necessary  fineness  ;  and  thus  we  are  obliged  to  _ 
relinquish  the  idea  of  opacity  as  being  necessarUy  a  quahty  of  i 
metallic  hodlQ?,.— Faraday. 

RUST  A  PROTECTOR. 

All  the  common  metals,  except  tin  (says  Faraday),  rust ; : 
they  become  duller  and  duller  up  to  a  certain  degree,  lose? 
crradually  their  lustre,  and  then  the  process  goes  no  farther. . 
Instead  of  the  rusting  being  a  destroyer  of  the  metal,  it  is  ai 
preserver  •  for  even  in  the  case  of  iron,  which  rusts  quickly  as? 
compared  with  other  metals,  if  it  be  dipped  into  tin  it  comes  > 
out  coated  with  it,  and  is  preserved  beautifully.    If  iron  be? 
exposed  for  a  couple  of  hours  to  the  action  of  water,  the  iron  i 
becomes  quite  corroded;  but  when  tinned   the  iron  is  pro- 
tected, and  the  tin  itself  is  not  affected.    How  is  it  that  thu- 
metal  can  protect  itself,  and  the  iron  that  is  undent?    It  is- 
simnlv  owing  to  the  substance  formed  on  the  surface  by  the 
attraction  of  oxygen,  which  is  so  adherent  to  the  metal  beneath. 
It  gives  a  protection  which  no  varnish  nor  any  kmd  of  apph- 
cition  can  afford.    Take  a  copper  or  a  tin  plate  ;  they  are- 
both  protected  in  their  metallic  state  by  a  thin  coat  formed  lu 
the  first  instance  of  oxide.   It  is  only  because  this  coat  is  sc 
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exceedingly  compact,  close,  and  adherent,  that  it  passes  for 
nothing — a  mere  film  of  tarnish.  You  think  you  see  or  touch 
a  piece  of  tin ;  you  cannot  detect  the  film  except  by  close 
examination.  We  know  it  is  there  ;  but  it  is  only  by  optical 
phenomena  that  we  can  measure  its  thickness.  It  seems  clear 
and  beautiful,  but  if  you  rub  it  ofi",  you  give  the  metal  beneath 
a  new  character ;  the  lustre,  however,  passes  off  the  first  mo- 
ment up  to  a  certain  point.  The  body  formed  by  the  combina- 
tion of  oxygen  with  iron  is  different.  The  oxide  does  not  ad- 
here to  the  metal  beneath ;  it  forms  upon  it  little  spots,  or 
porous  tumuli.  It  is  not  an  investing  varnish  ;  but  the  process 
goes  on  through  the  pores  of  the  rust,  especially  if  the  metal 
be  placed  in  a  damp  atmosphere.  This  is  the  reason  why  we 
find  a  difference  between  copper,  iron,  tin,  and  lead,  when  used 
for  roofs,  or  other  external  purposes.  The  iron  alone  is  eaten 
into  and  destroyed  by  this  want  of  adhesion  in  its  rust  to  the 
surface  of  the  metal. 

It  is  curious  to  observe,  in  some  cases,  how  tin,  as  metal 
having  a  slight  attraction  for  oxygen,  protects  other  metals 
from  oxidation.  In  Canada,  tin-plate  is  used  for  the  roofs  of 
houses  :  you  are  dazzled  by  the  lustre  of  the  sun  acting  upon 
the  roofs  ;  and  there,  although  it  is  exposed  to  the  atmosphere 
year  after  year,  it  does  not  decay,  because  the  superficial  coat 
of  oxide  protects  the  tin  and  iron  beneath. 

ANTIMONY. 

We  have  already  adverted  to  the  high  appreciation  of  this 
metal  by  the  Alchemists  (see  page  12).  Here  is  a  beautiful 
experiment : 

On  electrolysing  a  solution  of  terchloride  of  antimony  (one  part  of 
tartar-emetic  in  four  parts  of  ordinary  chloride  of  antimony)  by  a  small 
battery  of  two  elements,  metallic  antimony  forming  the  positive,  and 
metalUc  copper  the  negative  pole,  crusts  of  antimony  are  obtained, 
which  possess  the  remarkable  propei-ty  of  exploding  and  catching  fire 
when  scratched  or  broken.— Wore  j  Proceedings  of  the  Royal  Society 
vol.  ix. 

.Besides  its  application  to  medicine,  antimony  is  of  great  im- 
portance in  the  arts,  inasmuch  as  it  forms  with  lead  type-metal. 
This  alloy  expands  at  the  moment  of  solidifying,  and  takes  an 
exceedingly  sharp  impression  in  the  mould.  It  is  remarkable 
that  both  its  constituents  shrink  under  similar  circumstances 
and  make  very  bad  castings.  ' 

Tersulphide  of  antimony  is  employed  in  the  Bengal  or  blue 
signal-light  used  at  sea,  as  follows :  dry  nitrate  of  potassa,  six 
parts  ;  sulphur,  two  ;  tersulphide  of  antimony,  one. 

To  show  how  little  the  early  chemists  understood  of  the 
distmction  between  organic  and  inorganic  or  mineral  sub- 
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stances,  it  is  recorded  that  they  classified  chloride  of  autimouy 
(butter  of  antimony)  next  to  the  butter  of  the  cow  ! 

AESENIC. 

Arsenic  is  first  mentioned  in  the  works  of  Dioscorides,  but 
is  there  thought  to  have  been  the  well-known  paint  orpiment. 
Though  long  known,  it  was  first  examined  with  tolerable  pre- 
cision by  Brandt,  in  1733.  It  is  very  frequently  met  with  in 
nature,  sometimes  in  its  pure  metallic  state  of  steel-gray  colour, 
and  considerable  brilliancy,  which  it  soon  loses  on  exposure  to 
the  air,  and  becomes  black  on  the  surface  ;  the  artificially  ob- 
tained metal  not  only  suflFers  these  changes,  but  falls  to  powder 
by  the  action  of  the  air,  and  in  this  state  is  known  on  the  Con- 
tinent as  Jly-poivder.  When  kept  under  water,  arsenic  under- 
goes no  change  ;  if  heated  to  356°  Fahr.  it  is  volatilised  without 
previous  fusion  ;  the  vapour  has  the  odour  of  garlic,  which  is 
relied  upon  as  a  proof  of  its  presence.  This  substance  combines 
with  metals  in  the  same  manner  as  sulphur  and  phosphorus, 
which  it  resembles,  especially  the  latter.  With  oxygen  it  unites, 
giving  rise  to  arseuious  and  arsenic  acids. 

Arsenic  in  the  oxidised  state  is  found  in  minute  quanti- 
ties in  many  mineral  waters.  It  is  mostly  derived  from  roast- 
ing natural  arsenides  of  iron,  nickel,  and  cobalt ;  the  volatile 
products  being  condensed  in  a  chimney  divided  into  cham- 
bers. 

Of  the  various  Poisonings  by  Arsenic  we  shall  speak  in  a  . 
future  page. 

SILVEE. 

Silver  is  found  principally  in  the  mines  of  the  Harz  moun- 
tains in  Germany,  Konigsberg  in  Norway,  and  the  Andes  in  i 
North  and  South  America.  It  is  mostly  extracted  from  poor  • 
ores,  not  by  smelting,  but  by  amalgamation,  as  silver  and  many  ' 
other  metals  are  easily  soluble  iu  metallic  mercury.  Pure  silver  • 
is  probably  the  best  conductor  of  heat  and  electricity  known. 
In  hardness  it  lies  between  gold  and  copper.  _  Silver  is  uual-  • 
terable  by  air  and  moisture  ;  it  refuses  to  oxidise  at  any  tern-  ■ 
perature,  but  possesses  the  extraordinary  faculty  of  absorbing ; 
many  times  its  volume  of  oxygen  when  heated  strongly  m  an  i 
atmosphere  of  that  gas,  or  iu  common  air.  The  oxygen  is  = 
again  disengaged  in  the  appearance  often  remarked  on  the  ; 
surface  of  masses  or  buttons  of  pure  silver.  The  addition  of  : 
2  per  cent  of  copper  is  sufficient  to  prevent  this  absorption  of  t 
oxygen.  Silver  oxidises  when  heated  with  fusible  siliceous- 
matter,  as  glass,  which  it  stains  yellow  or  orange,  from  the  ? 
formation  of  a  silicate.    The  tarnishing  of  silver  exposed  to  > 
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the  air  is  due  to  sulphuretted  hydrogen,  the  metal  having  a 
strong  attraction  for  sulphur. 

The  lunar  caustic  of  the  surgeon  is  nitrate  of  silver,  which 
has  been  melted,  and  poured  into  a  cylindrical  mould.  _  The 
salt  blackens  when  exposed  to  light,  more  particularly  if  or- 
ganic matters  of  any  kind  be  present ;  and  it  communicates  a 
dark  stain  to  the  hair,  and  is  employed  in  "  indelible  "  ink  for 
marking  linen.  The  black  stain  is  thought  to  be  metallic  sil- 
ver ;  it  may  possibly  be  suboxide. 

BerthoUet's  FvZminating  Silver  was  precipitated  oxide  of 
silver  digested  in  ammonia  :  it  explodes  while  moist,  when 
rubbed  with  a  hard  body ;  but  when  dry,  the  touch  of  a  feather  is 
sufficient.    A  similar  compound  containing  oxide  of  gold  exists. 

It  is  easy  to  understand  the  reason  why  these  bodies  are  subject  to 
such  violent  and  sudden  decomposition  by  the  slightest  cause,  on  the 
supposition  that  they  contain  an  oxide  of  an  easily  reducible  metal  and 
ammonia  :  the  attraction  between  the  two  constituents  of  the  substances 
is  very  feeble,  while  that  between  the  oxygen  of  the  one  and  the  hydro- 
gen of  the  other  is  very  powerful.  The  explosion  is  caused  by  the  sud- 
den evolution  of  nitrogen  gas  and  vapour  of  water,  the  metal  being  set 
free. — Fownes's  Manual. 

Silver  is  admirable  for  culinary  and  other  economical  uses, 
not  being  attacked  in  the  slightest  degree  by  any  of  the  sub- 
stances used  for  food. '  It  is  necessary,  however,  in  these  cases 
to  diminish  the  softness  of  the  metal  by  a  small  addition  of 
copper.  The  standard  silver  of  England  contains  222  parts  of 
silver  and  eighteen  parts  copper. 

In  the  time  of  William  the  Conqueror,  the  English  pound  was  a 
pound  weight  of  silver,  coined  into  twenty  shillings ;  now  a  pound  is 
worth  less  than  four  ounces  of  silver,  and  the  pound  is  coined  into  sixty- 
six  shillings.  Here  is  the  scale  of  reductions  taken  from  Lord  Liverpool's 
Treatise  on  Coin : 

s.  d. 

28th  Edward  1.,  a  pound-weight  of  silver  was  coined  into   20  3 
18th  Edward  III.   .         .         .         .         .         .    22  0 

20th  Edward  III.   .  .  .  .  .  .    22  6 

27th  Edward  III  25  0 

1.3th  Hem-y  IV  30  0 

4th  Edward  IV.    .         .         .         ,         .         .    37  6 

18th  Henry  VIII  45  0 

2d  Elizabeth       .  .         .         .         .    60  0 

43d  Elizabeth       .  .  .  .  .  .    60  0 

56lh  George  III.    .         .         .         .         .         .    66  0 

Jonathan  Duncan,  B.A.,  on  ihc  Currency,  1857. 
The  new  art  of  Photography  is  founded  on  a  knowledge  of 
the  properties  of  four  chemical  compounds  of  silver,  viz,  on 
the  change  produced  by  the  influence  of  light  on  chloride  and 
iodide  of  silver  ;  on  the  reconversion  of  the  altered  silver  com- 
pound into  metallic  silver  by  means  of  pyrogallic  acid  or  some 
other  reducing  agent ;  on  the  solubility  of  silver  compounds  in 
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water  containing  sea-salt  or  hyposulphite  of  soda  ;  and  finally, 
ou  the  solubility  of  collodion  in  alcohol.  * 

FINE  DIFFUSION  OF  GOLD. 

Professor  Faraday  supposes  that  if  a  leaf  of  gold,  which  ig 
only  of  an  inch  thick,  and  weighs  about  0  2  of  a  grain, 

yet  covers  a  superficies  of  nearly  ten  square  inches,  were  dif- 
fused through  a  column  of  solution  having  that  base,  and  27 
inches  in  height,  it  would  give  a  ruby  fluid  equal  in  depth  of 
tint  to  a  good  red  rose  ;  the  volume  of  gold  present  being  about 
the  one  five  hundred  thousandth  part  of  the  volume  of  the 
fluid. 


HAHDNESS  OF  METALS. 

Messrs.  Calvert  and  Johnson  have  made  a  series  of  experi- 
ments with  pretty  large  masses  of  metal  to  test  their  compara- 
tive hardness  ;  and  the  following  is  a  most  useful  table  which 
has  been  prepai-ed,  embracing  the  results  of  their  investiga- 
tions : — 

Names  of  Metals.  Hardness, 
Cast  Iron         ....  1-000 

Steel  .....   

"Wrought  Iron  ....  '948 
Platinum  ....  '375 
Pure  Copper  ....  '301 
Aluminium      ....  '271 

Silver  -208 

Zinc  -183 

Gold  -167 

Cadmium        ....  "108 
Bismuth         .         .         .         .  "52 

Tin  -27 

Lead  -10 

This  table  exhibits  the  remarkable  fact  that  cast  iron  ia 
harder  than  all  the  other  metals ;  it  was  found  to  be  harder 
than  any  alloy. 

It  is  well  known  to  chemists  that  cast  iron,  and  one  or  two 
other  metals,  in  the  act  of  solidifying  enlarge,  so  as  to  fill  out 
sharply  the  minute  parts  of  the  mould,  which  is,  indeed,  the 
property  on  which  their  great  use  chiefly  depends. 


GOLD  TESTS. 

Mr.  Tennant,  the  practical  mineralogist,  states  the  speci- 
fic gravity  of  gold,  tried  by  four  different  tests,  to  be,  15, 
15-7,  16-5,  17  ;  so  that,  as  a  mean,  the  specific  gravity  of 
gold  is  sixteen  times  greater  than  water  ;  while  that  of  copper 
pyrites  is  4*5  ;  iron  pyrites,  4-3;  mica,  3.  The  blowpipe  is 
a  most  useful  and  simple  instrument  in  these  operations :  it 
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can  be  used  with  a  penny  candle  and  a  halfpenny-worth  of 
charcoal ;  so  that  for  eightpence  or  tenpence  a  primitive  lur- 
nace  can  be  purchased.  Gold  may  be  cut  with  a  knife  hke 
lead  and  bent  and  beat  out  in  thin  leaves.  Iron  pyrites  can- 
not be  cut,  or  even  scratched  with  a  knife  ;  copper  pyrites  can ; 
and  both  are  brittle.  Mica  is  foliated  and  elastic.  When  the 
blowpipe  is  applied  to  gold,  it  retains  its  colour ;  while  copper 
and  iron  pyrites  lose  theirs,  and  the  latter  become  magnetic. 
Gold  is  also  not  acted  upon  by  nitric,  muriatic,  or  sulphuric 
acid  singly  :  brass  filings  are  readily  acted  upon  by  nitric  acid. 
A  mixture  of  nitric  and  muriatic  acids  dissolves  gold,  and  is 
therefore  named  Aqua  Begia,  gold  being  the  king  of  metals. 

SCIENTIFIC  GOLD- SMELTING. 

It  is  not  the  precious  character  of  a  metal  in  a  mine  that 
renders  it  important,  but  its  relative  amount,  making  the  dif- 
ference between  profit  and  loss  in  obtaining  it.  Mines  which 
have  been  abandoned  for  centuries  on  account  of  their  poverty, 
though  known  to  be  auriferous,  have  often  been  rendered  pro- 
fitable in  working  by  an  application  of  science.  The  gold- 
mines of  Reichenstein  in  Silesia  had  been  abandoned  for  five 
centuries,  when  the  process  of  Professor  Plattner  was  adopted. 
The  ores  of  the  mines  are  arsenical  pyrites,  containing  about 
200  grains  of  gold  in  the  ton.  These  are  roasted  in  a  reverber- 
atory  furnace,  surmounted  by  a  large  condensing  chamber,  on 
which  the  arsenic  is  deposited  as  it  rises  in  fumes.  _  Oxide  of 
iron,  a  certain  quantity  of  arsenic,  and  the  gold  in  the  ore, 
remain  beneath.  These  are  placed  in  a  vessel,  so  that  a  cur- 
rent of  chlorine  gas  is  transmitted  through  them.  The  gold 
and  iron  are  attacked,  are  separated  from  the  residue  by  solu- 
tion in  water,  and  the  gold  is  precipitated  by  sulphuretted 
hydrogen.  The  importance  of  this  process  is  evident ;  and  it 
is  but  justice  to  Dr.  Percy  to  state  that  in  1848  he  advocated 
the  employment  of  chlorine  for  a  similar  purpose. 

In  Hungary,  from  a  depth  of  200  fathoms,  the  gold  matrix 
is  raised,  and  so  skilfully  manipulated  as  to  work  at  a  profit, 
although  only  producing  one-tenth  of  an  ounce  of  gold  from  a 
ton  of  the  matrix. 

METALLIC  MANGANESE. 

The  great  hardness  of  this  metal  fits  it  for  mechanical  use : 
it  turns  the  edge  of  the  best-tempered  files,  and,  set  at  a  sharp 
angle,  it  can  be  advantageously  substituted  for  the  diamond  in 
cutting  glass,  and  even  in  the  polishing  of  steel  and  other 
metals.  It  is  so  susceptible  of  polish  as  to  appear  applicable 
for  the  purposes  of  optical  instruments— for  instance,  the  mir- 
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rors  of  telescopes ;  and  plates  of  it  have  been  kept  for  two 
months  in  the  atmosphere  of  a  laboratory,  charged  throughout 
with  moisture  and  other  vapours,  without  the  polish  having 
suffered.  Although  it  cannot  be  forged,  it  can  be  rolled  into 
shapes.  Its  alloys  are  capable  of  yielding  useful  substances.  It 
is  an  established  fact,  that  all  steel  contains  small  portions  of 
manganese.  It  has  long  been  considered  indispensable  to  add 
substances  which  contain  this  metal  to  the  powder  used  for 
cementation  in  making  steel.  The  valuable  variety  of  steel 
known  as  Wootz  perhaps  owes  its  properties  to  the  addition  of 
manganese. 

DISCOVEEY  OF  CHLORINE. 

At  the  close  of  the  last  century,  the  Swedish  chemist  Scheele 
made  a  series  of  experiments  on  the  black  oxide  of  manganese. 
To  some  this  might  have  seemed  an  unprofitable  waste  of 
time ;  but  what  was  the  result  ?  Chlorine  was  discovered,  a 
substance  of  the  greatest  importance  in  the  arts.  Berthollet, 
finding  that  this  gas  changed  the  colour  of  the  corks  of  the 
bottles  in  which  it  was  confined,  suggested  its  employment  as 
a  bleaching  agent.  This  led  to  a  total  revolution  in  the  art  of 
bleaching,  shortening  the  process  from  several  months  to  a  few 
hours. 

By  far  the  most  eligible  method  of  employing  the  bleaching  agencies 
of  chlorine  consists  in  combining  it  with  lime  ("bleaching  powder"),  as 
follows :  Gaseous  chlorine,  being  liberated  from  a  mixture  of  salt,  sul- 
phuric acid,  and  black  oxide  of  manganese,  is  caused  to  pass  over  and 
among  large  bulks  of  slacked  lime,  which,  being  continually  moved 
about  by  rakes,  the  full  absorption  of  chlorine  is  obtained.  Chlorine  is, 
however,  devoid  of  bleaching  power  except  it  be  in  the  presence  of 
water.  The  rationale  of  this  requires  to  be  explained.  Chlorine,  by 
action  on  water,  decomposes  the  latter,  giving  rise  to  the  formation  of 
hydrochloric  acid,  and  the  liberation  of  oxygen.  Most  probably  the 
ultimate  bleaching  effect  is  due  to  the  oxygen  thus  liberated. — Brande's 
Lectures,  by  Scoflfern. 

EESTOEA.TION  OF  ANCIENT  BRONZES. 

AT.  Chevreul  selected,  from  among  certain  ancient  bronze 
statuettes  brought  from  Egypt,  a  small  completely  oxidated 
figure  of  Anubis,  and  placing  it  in  a  porcelain  tube,  he  filled 
the  tube  with  hydrogen  gas,  and  raised  it  to  a  dull  red  heat. 
Presently,  water  of  a  green  colour  was  seen  to  condense  in  the 
bell-glass ;  and  after  letting  the  apparatus  cool,  "I  took  out  the 
statuette,"  says  Chevreul,  "  completely  revivified.  I  placed  it 
before  the  French  Academy,  together  with  the  water  and  chlor- 
hydric  acid,  which  represented  the  oxygen  and  chlorine  of 
Egypt  transformed  at  Paris  by  hydrogen  into  water  and  acid. " 
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THE  ANCIENT  EGYPTIANS'  WORKING  METALS. 

The  skill  of  the  Egyptians  in  metallurgy  was  very  great : 
we  have  ample  proof  of  the  working  of  metals  at_  the  earliest 
times  of  which  any  monuments  remain ;  nor  is  it  too  much 
to  say  that  some  of  the  secrets  they  possessed,  particularly 
in  the  manufacture  of  bronze,  are  still  imperfectly  known  to  us. 

In  connection  with  this  art,  the  paintings  notice  the  forceps, 
the  blowpipe,  and  the  bellows,  which  last  even  appear  to  show 
an  acquaintance  with  the  principle  of  the  valve  ;  and  though 
they  give  very  few  of  the  inventions  of  Egypt,  they  prove  the 
early  use  of  the  syphons,  and  many  eflScient  tools  of  diflferent 
crafts.  The  syringe  was  also  known ;  and  one  instrument  oc- 
curs, even  on  the  monuments  of  the  fourth  dynasty,  which  has 
the  appearance  of  a  hand-pump.  And  if  many  of  their  arts,  as 
well  as  their  skill  in  mensuration,  geometry,  arithmetic,  astro- 
nomy, and  various  branches  of  science,  are  unnoticed,  we  are 
not  surprised  at  the  omission  of  subjects  so  little  suited  to 
sculpture,  or  the  embellishment  of  a  tomb. 

Surgical  instruments  have  been  found ;  and  in  the  tombs 
other  instruments,  chiefly  bronze  ;  among  which  are  small  bells, 
but  it  is  uncertain  to  what  period  they  belong,  or  when  bells 
were  first  invented.  There  are  likewise  knives  of  various  forms ; 
one  of  them,  now  in  the  Louvre  collection,  is  12  inches  long. 
Bronze  needles  were  not  uncommon;  and  a  pair  of  bronze  tongs 
found  at  Thebes,  and  now  in  the  British  Museum,  are  remark- 
able for  their  finish,  and  for  the  very  Egyptian  caprice  of 
making  their  two  ends  in  the  form  of  fish. 

Though  gold-beating  in  its  modern  advantageous  state  is  an 
improvement  of  the  seventeenth  and  eighteenth  centuries,  the 
Egyptians  overlaid  wood  and  other  materials  with  leaf  of  great 
fineness  at  a  very  remote  age ;  and  beating,  damascening,  en- 
graving, casting,  inlaying,  wire-drawing,  and  other  processes, 
were  adopted  by  them  more  than  3000  years  ago.  It  is  not, 
therefore,  surprising  that  Homer  should  mention  the  horns  of 
an  ox  overlaid  with  gold,  as  well  as  other  arts  long  known  in 
Egypt.  But  the  covering  of  gold  was  generally  of  considerable 
thickness  compared  to  what  we  use  at  the  present  day. 

Gold  was  the  precious  metal  par  excellence,  and  is  shown  to 
have  been  used  in  Egypt  at  an  earlier  time  than  silver,  this 
last  being  called  "white  gold,"  or  "noub-hat,"  whence  hat, 
"white,"  alone  came  to  signify  "  silver."  The  Egyptians  had 
no  coined  money :  their  gold  and  silver  was  in  rings,  similar  to 
those  used  in  the  present  day  at  Sennaar ;  and,  like  the  iron 
rings  of  the  ancient  Britons  mentioned  by  Caesar,  when  pur- 
chases were  made,  they  were  tried  in  the  scales  to  ascertain  if 
the  "  money"  was  "  in  full  weight." 
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nn/u  to^^f  "'^"^'n^'  ''^"^        (mostly  for  bronzeJ 

and  brass)  as  well  as  iron  and  steel,  is  either  directly  nmv!S3 
by  discoveries  in  the  tombs,  or  inferred  from  the  mo  ^,^^1^^? 
and  the  manufacture  of  bronze  is  shown  to  have  dated  S  w'j 
as  early  as  the  fifth  dynasty,  more  than  4000  yearT  before  ot 
era.    The  bronze  of  Egypt  varied  in  its  quality  acco  dinj^T^ 
the  alloys  it  contained,  some  having  moi^e  or  less  tin  s^me 
being  mixed  with  silver  or  other  metds  ;  but  that  for  ordiSr 
purposes  contained  80  or  90  of  copper  to  20  or  10  of  tin  iSl 
most  bronze  of  Roman  times.    The  fine  quality  of  EgyptiS 
metal  mu-rors  and  other  ornamental  objects  is  well  known 

THE  INVENTOK  OF  AMALGAMATION. 

.Jfy.  '  *^ere  was  written  a  work  on  metallurgy, 

and  the  use  of  quicksilver  m  refining  gold  and  silver,  by  Alonzo  ' 
Barbara,  a  minister  of  the  church  of  St.  Bernard  at  Potosl 
He  discovered  the  process  of  amalgamation  by  mere  accident  •  • 
tor  being  desirous  of  fixing  quicksilver,  he  mixed  it  with  finely- ' 
powdered  silver- ore,  and  soon  found  that  the  mercury  had  ^ 
attracted  every  part  of  sUver  to  itself,  which  presented  him 
with  the  Idea  of  refining  metals  by  means  of  mercury.  This  ex-  • 
periment  he  made  in  1600;  but  he  was  probably  unacquainted  ' 
at  the  time  with  the  existence  of  smelting-works  in  America,  ■ 
and  does  not  appear  desirous  of  claiming  the  invention  oi\ 
amalgamation  as  practised  in  that  country.  The  book,  thouffh  ' 
published  at  that  late  period  of  the  art,  and  notwithstanding 
there  were  many  superior  treatises  on  the  same  subject  already 
published  m  German,  was  considered  of  such  importance  by  the  \ 
bpaniards,  as  containing  all  their  metallurgic  secrets,  that  they 
endeavoured  to  suppress  it ;  but  a  portion  of  it  was  translated 
into  English  m  1674. 

The  late  Mr.  Children,  F.R.S.,  discovered  a  method  for 
extracting  silver  from  its  ore  without  amalgamation,  and  \ 
derived  considerable  profit  by  selling  the  right  to  use  it  to  J  j 
several  South  American  mining  companies,  in  the  year  1824. 

THE  MANUFACTURE  OF  IRON. 

Of  all  the  metals,  Iron  is  the  most  widely  diffused,  the  most  I 

abundant,  and  the  most  useful.    Hence  the  processes  of  its  i 

application  are  the  most  numerous ;  and  their  history  carries  I 

us  back  to  the  remotest  ages.   It  has  been  shown,  by  reference  \ 

to  the  four  books  of  the  Mosaic  law,  that  Iron  was  known  and  j 

used  in  the  earliest  ages  of  the  world.    In  Deuteronomy  it  is  | 

cited  as  the  essential  and  last  fruit  of  the  promised  laud.  From  I 

various  passages  in  Hesiod,  Homer,  and  .Jlschylus,  it  is  reiidc  ix  d  1 

probable  that  the  ancient  Greeks,  though  acquainted  with  buth  ' 

\ 


Curiosities  cf  Science. 


Ill 


iron  and  bronze,  used  the  latter  in  the  construction  of  their 
warlike  weapons  till  the  period  of  the  Heroic  ages ;  but  that 
after  that  time  bronze  was  superseded  by  iron  obtained  from 
the  Chalybes ;  and  from  passages  from  the  writings  of  Polybius, 
Pliny,  and  Diodorus,  the  conclusion  is  drawn  that  even  in  the 
earliest  times  the  Romans  used  weapons  of  iron  which  they 
obtained  principally  from  Spain.  Mr.  Arthur  Aikin  mentions 
as  a  curious  fact,  that  cutting  and  even  surgeons'  instruments 
were  found  in  the  excavations  at  Herculaneum  and  Pompeii 
made  of  bronze,  though  some  were  also  found  of  iron ;  from 
which  it  is  to  be  concluded,  that  at  this  period  (about  the  year 
59)  the  great  superiority  of  iron  over  every  other  kind  of  metal 
in  the  manufacture  of  cutlery  was  only  partially  acknowledged. 

Sir  Gardner  Wilkinson  informs  us  that  Iron  was  known  in 
Egypt  at  a  vei7  remote  period;  and  the  butchers  sharpening 
their  knives  on  a  bar,  which,  from  its  blue  colour,  was  evi- 
dently steel,  is  represented  on  monuments  of  the  fourth  dy- 
nasty, as  well  as  on  those  of  later  time.  The  case-hardening 
of  iron,  by  plunging  it  red-hot  into  water,  is  even  mentioned 
by  Homer;  and  the  more  we  inquire  into  and  become  ac- 
quainted with  the  customs  of  people  in  the  early  ages  of  the 
world,  the  more  we  are  convinced  that  iron  supplied  their  sim- 
plest wants  much  in  the  same  way  at  all  times,  and  that  many 
secrets  were  known  which  we  blindly  suppose  to  be  of  late 
date.  If  Tubal  Cain  was,  ages  before  the  time  of  Moses,  "an 
instructor  of  every  artificer  in  brass  and  iron"  the  discovery  of 
these  will  not  date  at  a  very  recent  period.  Nor  is  it  sufficient 
to  establish  the  fact  of  an  acquaintance  with  the  use  of  iron: 
it  is  evident  that  its  properties  as  steel  were  not  unknown; 
and  those  who  deny  a  neai-er  approach  to  it  than  case-harden- 
ing will  find  it  difficult  to  reconcile  the  mention  of  "  a  bow  of 
steel"  (Ps.  xviii.  34),  and  other  evidence  of  its  use,  with  the 
mere  hardening  of  the  external  surface  of  iron. 

Dr.  Livingstone,  in  his  recent  researches  in  South  Africa,  found  on 
the  river  Lucaila  the  strong  massive  ruins  of  an  iron-foundry,  erected 
in  the  year  1768,  and  by  the  order  of  the  famous  Marquis  of  Pombal. 
The  whole  of  the  buildings  were  constructed  of  stone,  cemented  with  oil 
and  lime.  The  dam  for  water-power  was  made  of  the  same  materials, 
and  27  feet  high.  This  had  been  broken  through  by  a  flood,  and  solid 
blocks  many  yards  in  length  were  carried  down  the  stream,  affording 
an  instructive  example  of  the  transporting  power  of  water.  There  was 
nothing  in  the  appearance  of  the  place  to  indicate  imheaJthiness;  but 
eight  Spanish  and  Swedish  workmen  being  brougnt  hither  for  the  pur- 
pose of  instructing  the  natives  in  the  art  of  smelting  iron,  soon  fell 
victims  to  disease  and  "irregularities."  The  effort  of  the  Marquis  to 
improve  the  mode  of  manufactui-ing  iron  was  thus  rendered  abortive. 
Labour  and  subsistence  are,  however,  so  very  cheap,  that  almost  any 
amount  of  work  can  be  executed  at  a  cost  that  renders  expensive  es- 
tablishments imnecessaiy.    A  party  of  native  miners  and  smiths  is  still 
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kept  m  the  employment  of  the  Government,  who,  workinf?  the  rich 
black,  maf,metic  iron-ore,  produce  for  the  authorities  from  480  to  SO. 
bars  of  good  malleable  irou  every  month.  They  are  supported  by  th. 
appropriation  of  a  few  thousands  of  a  small  fresh-water  fish  calle( 

cacush,   a  portion  of  the  tax  levied  upon  the  fishermen  of  the  CoanzaaU 
—nr.  Livingstone  s  Missionary  Travels. 

The  art  of  smelting  iron  was  known  in  England  during  th«i(  j 
time  of  the  Roman  occupation ;  and  in  many  ancient  beds  of  cm  a  j 
ders,  the  refuse  of  iron-works,  Roman  coins  have  been  found* 

The  working  of  steel  was  also  practised  in  Britain  before  tha 
Norman  conquest ;  and  we  are  told  that  not  only  was  the  arm* 
of  Harold  well  supplied  with  weapons  and  defensive  armomi 
of  steel,  but  that  every  officer  of  rank  maintained  a  smith,  who 
constantly  attended  his  master  to  the  wars,  and  took  charge  oh  * 
his  arms  and  armour,  to  keep  them  in  proper  repair. 

The  principal  ancient  seats  of  the  iron  manufacture  in  thio  ! 
country  appear  to  have  been  in  Sussex,  and  the  Forest  of  Dean,i  1: 
or  Arden,  as  it  was  then  called.     It  is  known  that  iron- works  , 
existed  in  that  part  of  Gloucestershire  in  1238,  because  theret 
exists  among  the  patent  rolls  of  Henry  III.  of  that  date  onw  I 
entitled  "  De  Porgeis  levandis  in  foresta  de  Dean,"  RemaiuM 
of  ancient  iron-furnaces  have  also  been  found  in  Laucashirep, 
Staffordshire,  and  Yorkshire. 

In  South  Wales,  a  charcoal  furnace  andforge  were  commenced  i 
at  Pontypool  in  the  16th  century  (about  1505),  so  that  this  i&i 
one  of  the  earliest  seats  of  the  iron-trade  ;  but  there  is  reasoaa 
to  believe  that  the  Komans  worked  iron-ore  in  these  hills,  aai 
they  undoubtedly  did  in  Dean  Forest,  ancient  heaps  of  slag: 
being  occasionally  struck  upon.    The  early  furnaces  consumed . 
80  much  timber  for  fuel,  that  in  the  reign  of  Elizabeth  acts 
were  passed  prohibiting  the  erection  of  iron-works,  except  iu-l 
districts  specified.    Many  years  elapsed  before  coal  could  bw 
successfully  applied  to  the  smelting  of  ii-on  ;  but  in  1740,  afterjj  ' 
nearly  a  century  and  a  half  had  been  wasted,  this  great  result  t 
was  obtained  at  the  Coalbrooke  iron-works  in  Shropshire.  Inn 
that  year  Monmouthshire  only  contained  two  furnaces,  tha« 
make  of  which  was  900  tons  annually  ;  and  so  slowly  did  the^''' 
trade  progress,  that  in  1788  only  one  more  furnace  had  been 
put  up  ;  but  the  aggregate  make  of  the  county  had  increasedji 
to  2100  tons,  owing  to  the  use  of  the  steam-engine. 
Nantyglo  works,  now  almost  the  greatest  in  the  world,  were^ 
commenced  in  1795.    The  iron-works  in  the  Monmouthshire-* 
hills  now  extend  about  twenty  miles ;  and  mineral  property^  . 
here  has  risen  from  5s.  an  acre  surface-rent  to  1500^.,  or  more, 

*  Iron  is  described  by  Caesar  as  being  bo  rare  in  Britain,  that  pieces  of  it 
were  employed  as  a  medium  of  exchange  j  but  a  century  later  it  had  become 
exceedingly  common,  since  in  Strabo's  time  it  was  an  article  of  exportation. 


ii 


Curiosities  of  Science, 


113 


undergi-ound.  In  the  vale  of  Taflf,  before  the  17th  century, 
rude  attempts  were  made  to  smelt  iron-ore  ;  the  bellows  was 
worked  by  a  water-wheel,  and  charcoal  used  instead  of  coke. 
Merthyr,  the  "  iron  capital"  of  the  district,  is  scarcely  a  cen- 
tury old.  Here,  at  the  Cyfarthfa  works,  are  employed  upwards 
of  4000  men,  including  colliers ;  and  the  strata  of  coal  lie 
parallel  with  veins  of  argillaceous  iron-ore.  This  is  the  great 
seat  of  the  bar-iron  manufacture  for  railways. 

The  chief  iron-works  of  Sussex  were  in  the  Wealden  strata, 
whence  the  iron-ore  was  extracted  from  the  argillaceous  beds, 
and  was  smelted  with  charcoal  made  from  the  abundance  of 
wood.  At  Buxted,  near  Lindfield,  iron  ordnance  were  made  three 
centuries  since.*  Up  to  1720,  Sussex  was  the  principal  seat  of 
the  iron  manufixcture  in  England:  the  last  furnace,  at  Ash- 
burnham,  was  blown  out  in  1827.  Kent  was  alike  noted  for 
its  iron  ;  and  the  last  great  work  of  its  furnaces  was  the  noble 
balustrades  and  gates  which  surround  St.  Paul's  Cathedral, 
London  :  they  were  cast  at  Gloucester  furnace,  Lamberhurst, 
and  cost  upwards  of  11,202^.  "  In  the  middle  ages,  and  down 
even  to  a  late  date,  while  Dudley  and  Wolverhampton  were 
obscure  names,  the  forges  of  Kent  and  Sussex  were  all  a-glow 
with  smelting  and  hammering  the  iron  which  the  soil  still  yields, 
although  it  is  not  worth  the  while  of  any  one  to  work  it.  The 
[liscovery  of  the  coal-fields  of  Wales  alid  Staflfordshire  ^ave  the 
Kent  and  Sussex  furnaces  their  death-blow,  leaving  the  country 
lotted  with  forge  and  furnace  farms,  and  deep  holes,  now  filled 
with  tangled  underwood,  from  which  the  ore  was  brought." 
'Saturday  Review,  No.  182.)  Kent  and  Sussex  have  no  coal, 
ind  the  iron  manufacture  left  these  counties  when  smelting 
with  coal  or  coke  began  to  supersede  smelting  with  charcoal, 

Iron  was  also  worked  in  Surrey.  John  Evelyn,  in  a  letter  to 
lohn  Aubrey,  dated  February  8,  1675,  states,  that  on  the 
itream  which  winds  through  the  valley  of  Wotton  "  were  set 
ip  the  first  brass  mills,  for  casting,  hammering  into  plates,  and 
jutting  and  drawing  into  wire,  that  were  in  England  ;  also 
i  fullmg  mill,  and  a  mill  for  hammering  iron,  all  of  which  are 
low  demolished.  Such  a  variety  of  mills  on  so  narrow  a  brook, 
md  so  little  a  compass,  at  that  time  was  not  to  be  met  with  iii 
my  other  part  of  England."  The  last  of  these  mills  gave  its 
larae  to  a  small  street  or  hamlet  in  the  parish  of  Abinger,  which 
;o  this  day  is  called  the  Hammer, 
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The  principal  operations  of  the  iron  manufacture  have  beeu 
thus  briefly  described  by  Mr.  Noad  :  There  are  upwards  of  forty 
different  ores  of  iron,  the  metal  occurring  in  all  rocks.  The 
amount  of  carbonate  of  iron  in  the  coal-measure  iron-stones 
varies  from  50  to  80  per  cent.    There  are  two  distinct  qualities, 
pig-iron  and  malleable  or  bav-iron,  the  second  being  the  result 
of  an  extension  of  the  processes  necessary  for  the  production  of  the 
first  kind,  pig-iron.  The  first  process  is  the  Blasting.  The  blast- 
furnace is  composed  of  stone  or  brick,  within  which  is  a  casing 
of  masonry  about  fourteen  inches  thick  ;  next  comes  a  space  of  ' 
about  six  inches  filled  with  river  sand,  compactly  rammed  in, 
which,  being  a  bad  conductor  of  heat,  tends  to  preserve  the  ■ 
casing  of  masonry  ;  lastly,  is  a  coating  of  best  fire-brick  about . 
fourteeu  inches  in  thickness.    The  furnace  when  in  full  work 
contains  upwards  of  one  hundred  tons  of  materials,  to  supply  • 
the  requisite  heat  for  which  a  powerful  and  constant  blast  of  r 
air  is  sent  in  at  three  or  four  different  sides  through  tubes  sur-  • 
rounded  with  a  stream  of  cold  water,  and  which  tubes  are  called  1 
"Tuyeres."    Some  of  the  large  Welsh  furnaces  consume  up-- 
wards  of  20,000  gallons  of  air  per  minute,  a  quantity  exceeding : 
in  weight  the  totals  of  all  the  solid  materials  used  in  smelting. . 
The  blast  enters  the  furnace  under  a  pressure  of  from  two  to  i 
three  pounds  and  a  half  to  the  square  inch,  the  air  being  heated  i 
to  about  600°  before  it  enters  the  furnace,  by  which  an  effec-  - 
tive  increase  of  about  one-eighth,  or  of  360°  Fahr.,  is  obtained. . 

This  improvement  has  in  many  cases  enabled  manufac-- 
turers  to  increase  their  weekly  production  of  iron  50  per  cent, , 
and  to  produce  a  better  sort  of  cast  iron  from  inferior  materials. . 
It  has  effected  a  great  saving  of  fuel;  and  it  has  enabled  the? 
Scotch  iron-masters  to  smelt  alone  and  with  coal  the  black-band: 
iron-stone,  discovered  by  Mr.  Mushet  in  1801.  The  colour, . 
consistence,  and  general  appearance  of  the  cinders,  or  slag, , 
indicate  the  working  of  the  furnace.  They  are  received  fromi 
the  furnace  in  large  iron  boxes,  whence,  as  soon  as  they  haves 
solidified,  they  are  removed  on  railways,  to  be  used  for  the  con- 
struction of  roads,  rough  walls,  &c.  The  iron  from  the  blast- 
furnace is  usually  "  tapped"  twice  in  twenty-four  hours  ;  the. 
liquid  metal  is  either  received  into  moulds,  where  it  assumes - 
the  form  of  semi-cylindrical  bars,  technically  called  "  pigs, 
or  it  is  run  into  wider  channels,  from  which,  after  being  broken . 
up,  it  is  removed  directly  to  the  "  refinery."  The  cinders  al- 
luded to  above  are  not  the  cinders  of  the  blast-furnace,  butt 
forge  cinders,  that  separate  from  the  cast  iron  during  the  pro- 
cesses of  refining,  puddling,  and  baUing,  by  which  the  cast  ironu 
is  converted  into  wrought  iron.  These  cinders  are  very  rich 
in  iron,  and  are  calcined  to  rid  them  of  sulphur,  which  would 
make  the  metal  "  hot  short,"  so  that  it  could  not  be  worked 
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under  the  hammer.    The  forge  cinders  also  contain  phospho- 
rus, which  cannot  be  separated,  and  makes  the  iron  "  cold 
short,  '  so  that  it  breaks  on  attempting  to  bend  it.  Lastly 
the  gases  from  the  furnace  are  economically  applied  :  of  the 
heat  produced  by  the  combustion  of  the  fuel  in  a  coal-fed  blast- 
furnace, only  18-5  per  cent  was  originally  realised  in  carrying  out 
the  processes  of  the  furnace,  the  remainder  81-5  per  cent  being 
lost.    J- his  loss  IS  no  longer  permitted.    The  gases  are  now 
collected  at  the  mouth  of  the  furnaces,  and  conveyed  by  large 
pipes  underneath  the  boilers  of  the  engines  and  round  the  hot- 
air  stoves     The  principle  has  been  carried  out  in  great  per- 
fection at  Cwm     lyn  :  the  pipes  are  six  feet  in  diameter,  and 
are  lined  with  fire-brick  ;  and  the  gases  from  two  furnaces  only 
wli   r/''??u?'  the  supply  of  seven  boilers,  and  for  the 
not  blast  for  both  furnaces,  at  a  saving  of  full  10,000  tons  of 
coal  a  year.  "  ,  t.  v-x 

fn  J°T''S  ^^^i-g  t^e  great  improvers  of  the  iron  manufac- 
;  %?'°'^.^.r^'  7^^'  introduced  the  flame  of 

itnZi"'"  P.^ddhng  furnace,  and  the  passing  of  wrought  iron 
te  the  in^ZIn  fir  -^^^^^\oi  forging  under  the  hfmmer  ; 
cendant,  T.?  K  *^^^^^^l"^ble  improvements,  and  his  des- 
cendants, have  been  deprived  of  their  just  reward 
,  Although  in  England  the  use  of  iron  as  a  buildina-  materiil 
IS  comparatively  modern,  M.  Gutzlaff  has  proved  t&trlr  of 
constructing  buildiiigs  of  cast  iron  has  been  known  for  cen- 
turies in  China.  He  discovered  there  a  pa-oda  eX-e  v  builf 
of  cast  iron,  and  covered  with  bas-reliefs  and  fn script ion  J^^^^^^^ 
m  their  forms,  characters,  and  dates,  show  that  they  ' a^-e  a^ 
f  i/fiVw  1"^'*^  of  Tang,  which  was  upon  the  throne  from 

Mr.  Rennie  first  largely  employed  iron  as  a  buildincr  material 
as  voussoirs  (wedges),  in  the  Soithwark  Bridcre     f  a^t  rooft 

Z^^r        ^'i'*^  '  ^''^  lighthouses!  Churches  ?ac 

ones,  and  storehouses,  are  manufactured  in  EnSand  t  S 
aken  to  pieces,  to  be  reerected  in  all  parts  of  the"forld  %Z 

!f  suppo'S.    ^       '^^^'"^^^  equal  strength 
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Jias  been  alleged  to  be,  the  sole  cause  of  the  conversion  ot  iron 
into  Steel.    This  magical  effect,  which  is  a  kind  of  chemical.i 
anomaly,  has  been  disputed  by  Mr.  C.  Binks,  who,  from  a  prac- 
tical investigation  of  considerable  length  and  detail,  adduces* 
evidence  proving : 

That  the  substances  whose  application  to  pure  iron  convert  it  into  a 
Steel  all  contain  nitrogen  and  carbon,  or  nitrogen  has  access  to  the* 
iron  during  the  operation.  I 

That  carbon  alone,  added  or  applied  to  pure  iron,  does  not  converttj 
it  into  Steel.  I 

That  nitrogen  alone,  so  added  or  applied,  does  not.  produce  Steel ; : 
but  that  it  is  essential  that  both  nitrogen  and  carbon  should  be  present,;,  , 
and  that  no  case  can  be  adduced  of  conversion  in  which  both  these*  j 
elements  are  not  present  and  in  contact  with  the  iron.  , 

That  nitrogen  as  well  as  carbon  exists  substantially  in  Steel  aftern  g 
its  conversion  ;  and  such  presence  is  the  real  cause  of  the  distiiictivelyt 
})hysical  properties  of  steel  and  of  iron,  in  which  latter  those  elementss 
do  not  exist. 

That  presumptively,  but  not  demonstratively,  the  form  of  combina-  - 1 
tion  is  that  of  a  triple  alloy  of  iron,  carbon,  and  nitrogen  ;  but  it  re-.- 
mains  to  be  determined  as  to  the  relative  proportion  of  elements  when  a 
their  union  gives  pure  Steel. 

Mr.  Binks  then  proceeds  to  show  there  to  be  nothing  in  the*  , 
chemical  histoi-y  of  nitrogen  that  is  incompatible  with  its  sub->  ^ 
stantial  existence  in  Steel. 

In  the  presence  of  our  atmosphere,  with  its  afBuence  in  nitroger, 
why  should  we  ever  ascribe  to  that  element  some  merely  negative  f.i- 
tributes,  or  properties  serving  only  to  control  or  modify  the  more  vir^-* 
action  of  some  other  element  ?  ....  An  element  existing  every  whe 
touching  every  thing,  penetrating,  permeating,  and  by  diffusion  int 
mingling  itself  with,  eveiy  gaseous  body  it  comes  in  contact  wiL. 
might  be  supposed,  d  priori,  to  exercise  other  functions  (and  many, 
besides  the  merely  negative  ones  usually  assigned  to  it.  ^  And,  amon? 
speculations  that  naturally  arise  out  of  these  questions,  is  it  quite  im- 
possible that  the  play  of  colours  peculiar  to  heated  steel — the  assumj  ■ 
tion,  for  example,  of  the  pure  blue  and  the  purple— may  not  in  realit  v 
be  due  to  some  phase  of  development  of  some  of  the  forms  of  feno 
cyanide  of  iron  ? 

We  possess  further  evidence  of  the  use  of  nitrogen  from  anothe 
and  unexpected  quarter.    It  is  on  record,  as  a  practice  of  the  India 
Wootz-Htoel  maker,  that  along  with  his  iron  or  imperfect  Steel,  in  his 
melting-crucible,  he  places,  as  his  carbon-giving  material,  the  wood  d  • 
the  Cassia  auriculata,  and  covers  the  whole  with  the  leaves  of  t*^ 
Convolvv.lus  laarifolia,  both  vegetable  productions  rich  in  azotis 
matters.   These,  placed  in  his  closest  crucible,  will  give  an  azotised 
carbon  in  contact  with  the  metal.    And  what  may  have  been  the  ongii 
of  this  far-back  practice  of  the  East  — this  to  us  apparently  the  em- 
pirical handicraft  of  some  Indian  artificer  ?    Has  it  originally  been  tW 
fruition  of  some  mere  accident,  or  of  some  induction  or  deduction  ? 
is  it  a  relic  of  some  state  of  civilisation  and  of  science  superior  to  those^ 
of  the  West  ?    The  Sheffield  artisan  seeks,  even  up  to  the  present  day, 
that  which  the  Indian  artificer  had  found  out  ages  ago. 
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Mr.  Faraday  has  made  a  scries  of  investigations  with  the 
object  of  ascertaining  what  metals  could  be  advantageously 
employed  as  alloys  of  Steel,  in  order  to  improve  its  hardness 
and  temper.  Among  the  important  practical  results  of  this 
research,  we  may  notice  the  fact  that  the  addition  of  a  small 
quantity  of  silver  (1  part  in  600)  produces  a  steel  decidedly 
superior  in  quality  to  the  best  previously  manufactured. 

STEEL  PRODUCED  BY  GALVANIC  ACTION  IN  THE  EAETH. 

The  late  Mr.  Weiss,  to  whose  inventions  modern  surgery  is 
under  considerable  obligations,  remarked  that  Steel  seemed  to 
be  much  improved  when  it  had  become  rusty  in  the  earth,  and 
provided  the  rust  was  not  factitiously  produced  by  the  appli- 
cation of  acids.    He  accordingly  buried  some  razor-blades  for 
nearly  three  years,  and  the  result  fully  corresponded  to  his  ex- 
pectation.   The  blades  were  coated  With  rust,  which  had  tlie 
appearance  of  having  exuded  from  within,  but  were  not  eroded, 
and  the  quality  of  the  steel  was  decidedly  improved.  Ana- 
logy led  to  the  conclusion  that  the  same  might  hold  good 
with  respect  to  iron  under  similar  circumstauces  :  so,  with 
perfect  confidence  in  the  soundness  of  his  views,  he  purchased, 
as  soon  as  opportunity  oflfered,  all  the  iron,  amounting  to  fif- 
teen tons,  with  which  the  piles  of  old  Loudon  Bridge  had  been 
ihod.    Each  shoe  consisted  of  a  small  inverted  pyramid,  with 
our  straps  rising  from  the  four  sides  of  its  base,  which  em- 
)raced  and  were  nailed  to  the  pile  ;  the  total  length,  from  the 
)omt  which  entered  the  ground  to  the  end  of  the  strap,  bein^r 
ibout  sixteen  inches,  and  the  weight  about  eight  pounds.  The 
"pyramidal  extremities  of  the  shoes  were  not  found  to  be  much 
sorroded,  nor,  indeed,  were  the  straps ;  but  the  latter  had  become 
sxtremely  and  beautifully  sonorous.  When  manufactured,  the 
iohd  points  in  question  were  convertible  only  into  very  inferior 
>teel ;  the  same  held  good  with  respect  to  such  bolts  and  other 
)arts  of  the  iron-work  as  were  subjected  to  the  experiment 
accept  the  straps;  these  straps,  in  addition  to  the  sonorous- 
ness, possessed  a  degree  of  toughness  quite  unapproached  by 
iommon  iron ;  they  were,  in  fact,  imperfect  carburets,  and 
produced  steel  of  a  quality  infinitely  superior  to  any  which  Mr 
Veiss  had  ever  met  with  ;  insomuch  that  while  it  was  in  gene- 
al  request  among  the  workmen  for  tools,  they  demanded 
iigher  wages  for  working  it.    The  straps  were  consequently 
eparated  from  the  solid  points,  which  last  were  sold  as  old  iron 
.he  exterior  difference  between  the  parts  of  the  same  shoe  led 
t  first  to  the  supposition  that  they  were  composed  of  two 
orts  of  iron  ;  but,  besides  the  utter  improbability  of  this,  the 
ontrary  was  proved  by  an  examination,  which  led  to  the  in- 
srence  that  the  extremities  of  the  piles  having  been  charred. 
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the  straps  of  iron,  closely  wedged  between  them  and  the  stratum 
in  which  they  were  imbedded,  must  have  been  subjected  to  a 
galvanic  action,  which,  in  the  course  of  upwards  of  six  hun- 
dred years,*  gradually  produced  the  effects  recorded. 

DISCOVERY  OF  SCARLET  DYE. 
A  scarlet  colour  resulting  from  the  treatment  of  adecoctioa 
of  cochineal  with  a  chloride  of  tin  (and  tartar),  is  a  very  cele- 
brated dye,  and  has  a  curious  history.  It  appears  that  the 
Dutch  chemist  Drebbel,  resident  at  Alkmaar,  had  prepared  some 
decoctions  of  cochineal  for  filling  a  thermometer-tube.  The 
preparation  was  effected  in  a  tin  vessel ;  and  into  this  some 
aqua  regia  (nitro-muriatic  acid)  having  been  spilled  by  acci- 
dent, a  rich  scarlet  colour  was  observed.  Thus,  by  mere  chance, 
was  the  discovery  made  that  oxide  of  tin  in  solution  yielded, 
by  combination  with  the  colouring  matter  of  cochineal,  a  scar- 
let dye.  Drebbel  communicated  his  discovery  to  Kuffelar,  an 
ingenious  dyer  of  Leyden,  who  was  the  first  to  carry  out  its 
manufacture  :  hence  it  was  called  Kuffelar' s  Colour.  The  pro- 
cess soon  reached  Van  der  Gecht  and  Gulich,  who,  however, 
appear  to  have  discovered  the  process  by  their  own  indepen- 
dent investigations.  Van  der  Gecht,  in  1550,  communicated 
the  secret  to  the  Gobelins,  the  celebrated  tapestry  manufac- 
turers. Nearly  a  century  after  this,  in  1643,  one  Kepler, 
who  had  acquired  a  knowledge  of  the  process  in  Flanders  (his 
native  country),  came  over  to  England,  and  settled  at  Bow  ; 
where,  having  practised  the  dyeing  of  this  colour,  it  went  by 
the  name  of  Bow  Dye.  Kepler,  however,  did  not  carry  thi 
process  to  such  perfection  as  the  brothers  Gobelin,  or,  indeed, 
the  dyers  of  Flanders ;  nor  was  the  art  of  scarlet  dyeing 
thoroughly  known  in  England  until  one  Bauer,  or  Brewer, 
having  been  invited  to  England  in  1667  by  Charles  II.,  with 
the  promise  of  a  large  salary,  practised  the  art  in  his  own  mar 
nufactory.t — Brande's  Lectures. 

ARTIFICIAL  ULTRAMARINE. 

Of  all  the  achievements  of  inorganic  chemistry,  the  artificial 
formation  of  Lapis  Lazuli  was  the  most  brilliant  and  the  most 
conclusive.  This  mineral  is  of  a  beautiful  azure  blue  colour, 
remains  unchanged  by  exposure  to  air  or  to  fire,  and  furnishes 
us  with  the  most  valuable  pigment  Ultramarine. 

Ultramarine  was  dearer  than  gold.  It  seemed  impossible 
to  form  it ;  for  analysis  had  sought  in  vain  the  colouring  in- 
gredient.   It  was  shown  to  be  composed  of  silica,  alumina, 

*  The  building  of  London  Bridge  was  commenced,  and  most  probably  the  pile^ 
were  driven  in  1176  :  the  Hridge  was  lomoved  in  IK'2:  so  that  it  stood  656  years. 

+  Feame,  the  eminent  lawyer,  who  was  profoundly  versed  in  medicine  and 
chemibtry,  obtained  a  patent  for  dyeing  searlet. 
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and  soda,  three  colourless  bodies ;  with  sulphur  and  a  trace 
of  iron,  neither  of  which  are  blue ;  and  no  other  body  had 
been  detected  in  it  to  which  its  colour  could  be  ascribed.  Yet 
now,  simply  by  combining  in  the  proper  pro-portions,  as  deter- 
mined by  analysis,  silica,  alumina,  soda,  iron,  and  sulphur, 
thousands  of  pounds  weight  are  manufactured  from  these  in- 
gredients ;  and  this  artificial  Ultramarine  is  even  more  beauti- 
ful than  the  natural,  while  for  the  price  of  a  single  ounce  of  the 
latter  we  may  obtain  many  pounds  of  the  former. 

With  the  production  of  artificial  Lapis  Lazuli,  the  formation 
of  mineral  bodies  by  synthesis  ceases  to  be  a  scientific  problem 
to  the  chemist. — Liehig. 

SIE  nUMPHEY  DAVY's  ELECTRO -CHEMICAL  THEORY  OF 

VOLCANOES. 

Potassium  is  a  soft,  silver-like  metal  that  melts  at  136", 
can  be  distilled  at  a  low  red-heat,  and  kindles  in  the  air  at  the 
temperature  where  it  begins  to  vaporise.  In  the  dry  air  it 
quickly  combines  with  oxygen,  and  is  soon  covered  with  a 
white  rust.  This  is  potassa.  Potassa  attracts  the  aqueous 
vapour  of  the  atmosphere,  and  becomes  potash,  which  draws 
down  more  and  more  moisture,  till  the  original  bright  bead 
has  become  a  little  pool  of  alkali  dissolved  in  water.  This 
solution  combines  rapidly  with  the  carbonic  acid  of  the  air ; 
and  if  it  be  subsequently  boiled  to  dryness,  there  is  left  the 
carbonate  of  soda — the  pearl-ash  of  the  housewife. 

Potassium  is  lighter  than  water.  It  breaks  into  flame  the 
moment  it  touches  water  or  ice.  If  plunged  under  water,  there 
is  no  combustion  ;  but  hydrogen  is  discharged  with  turbulence 
and  resistlessness.  These  remarkable  but  far  from  anomalous 
properties  suggested  to  Sir  Humphry  Davy  the  conjecture  that 
the  solid  body  of  the  world  is  composed  of  potassium  and  the 
metals  that  resemble  it ;  and  that  volcanic  eruptions  are  pro- 
duced by  the  occasional  incursion  of  the  waters  of  the  deep,  or 
of  the  great  mountain  tanks,  in  the  still  domain  of  these  At- 
lantic metals.  The  far  greater  part  of  the  investigated  crust  of 
the  earth  is  certainly  composed  of  such  oxidated  metals,  and 
the  specific  gravity  of  the  whole  globe  is  supposed  to  be  less 
than  that  of  even  the  rocks  ;  so  that  it  is  at  least  possible  that 
there  may  be  more  of  sound  prediction  in  this  sublime  concep- 
tion than  the  majority  are  inclined  to  think.— ^Vor^A  British 
Review,  No.  3. 

It  should  be  added  that  Davy  in  the  most  distinct  manner 
gave  up  this  opinion  ;  but  he  still  asserted  that  the  presence 
of  oxidisable  metalloids  in  the  interior  of  the  earth  miaht  be  a 
coiiperatrng  cause  in  volcanic  processes  already  commenced 
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THE  NEW  METAL  ALUMINUM. 

This  is  the  metallic  base  of  the  earth  Alumina,  which  is  « 
composed  of  oxygen  and  the  metal  Aluminium.    Sir  H.  Davy 
was  led  to  believe  alumina  to  be  a  metallic  oxide ;  but  it  was 
Wohler  who  first  separated  the  metallic  substance  by  decom- 
posing the  chloride  of  Aluminium  by  means  of  potassium  or 
sodium,  when  the  chlorine  unites  with  the  metal  employed,  and  i 
leaves  the  Aluminium  free.    Till  recently  it  was  procured  only  • 
in  very  small  quantities,  and  was  regarded  as  a  chemical  curio-  • 
sity.    However,  in  1857,  the  Rev.  Mr.  Reade  explained  to  the  i 
British  Association  that  he  had  digested  alumina  in  a  solution  i 
of  iodine,  and  thus  obtained  a  semi-white  metallic  substance ; : 
attempting  to  solve  the  problem  which  has  so  extensively 
occupied  the  attention  of  practical  chemists  in  extracting  the '. 
pure  metal  from  its  com.pounds.    Upon  this  Dr.  Lee  remarked  : :  I  m 
"  Mr.  Reade  lives  upon  the  great  basin  of  Kimmeridge  and 
Oxford  clay,  in  the  Vale  of  Aylesbury.    He  is  therefore  really  .  - 
the  owner  of  a  fortune,  lying,  however,  under  his  feet,  butilio 
which  only  requires  the  aid  of  the  chemist  to  transform  it  into 
pure  metal  and  current  specie." 

Aluminium  forms  an  essential  portion  of  some  of  our  moat*  jsc 
brilliant  gems,  including  corundum,  the  sapphire,  the  oriental  ' ' 
ruby,  and  the  emerald  ;  and  we  have  a  boundless  supply  of 
aluminous  substances  in  granite,  slates,  schist,  and  especially 
in  clays.    Still,  the  extraction  of  the  metal  is  a  labour  of  great 
difficulty.    Its  oxide,  alumina,  will  not  surrender  its  oxygi 
to  any  known  fuel,  at  any  known  temperature.    It  has  bei 
also  stated  that  the  metal  itself  could  resist  the  highest  teni^ 
perature  without  absorbing  oxygen  ;  but  we  now  learn  that 
if  the  temperature  be  raised  to  a  welding  heat,  Aluminium 
will  burn  with  great  intensity,  until  a  stratum  of  alumina  is 
formed  upon  its  surface  sufficiently  thick  to  exclude  the  atmo-J- 
sphere.  1 

The  first  access  to  Aluminium  was  opened  by  Oersted,  who,  i, 
by  an  ingenious  concentration  of  chemical  force,  converted  the  e 
oxide  into  the  chloride  of  Aluminium,  the  vapour  of  which 
Wohler  decomposed  by  the  vapour  of  potassium,  and  thus  ob- 
tained minute  quantities  of  Aluminium.    In  1856,  M.  Deville  --jiiin 
simplified  the  process,  and  improved  the  manufacture  of  sodium  ' 
(the  metal  which  he  employs  as  the  reducing  agent),  thus  greatly 
diminishing  the  cost ;  and  in  the  private  laboratory  of  the 
Emperor  of  the  French,  M.  Deville  next  produced  a  whole  bar 
of  Aluminium. 

M.  Corbelli  has,  however,  extracted  Aluminium  directly  from 
clay  by  dissolvin-jr  it  in  acid,  heating  the  earthy  matters,  then 
mixing  them  with  yellow  prussiate  of  potash  and  sea-salt,  aud 
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heating  them  in  a  crucible  until  a  white  colour  (the  Aluminium) 
IS  produced.  ' 

Aluminium  is  extremely  light  (one-fourth  the  weight  of  sil- 
ver), IS  more  malleable  and  ductile  than  silver,  and  will  neither 
rust  nor  tarnish.  It  is  very  sonorous,  and  is  an  excellent  con- 
ductor of  heat  and  electricity.  It  is  specially  adapted  for  sur- 
gical instruments  ;  and  as  it  is  not  corroded  by  acids,  is  the 
best-known  metal  for  culinary  vessels.    Pianoforte  strings  have 

cZ^f^!  '  f  ^  "^^y  ""'^^  instruments. 
Could  It  be  more  cheaply  produced,  it  would  be  much  employed 

fnd  dvtt^        surfaces  as  rails  and  pipes.    Spoons  and^orks 

of  silver  uZ  ^''^  -^"^^  half  the  cost 

of  ir    .u^'^^        Aluminium  forms  an  alloy  very  closely  re- 
P''''"^'  I*  ^«        for  brooche^s  and  studs 

brace  ets,  pins,  and  combs,  pencil-cases,  thimbles,  seals  aiid 
medallions  ;  for  spectacles,  as  it  does  not  blacken  the  skiA  iTke 
silver;  and  for  reflectors  of  gas-burners,  since  it  resists  the 
effects  of  sulphurous  emanations,  which  silver  and  brass  do 
cU^'^'^'T'"  ^"^^"^  l"'"^     ^^'^^"^^t  substitute  for  copper 

to  bronzi  .""w^th'T       >T  h^r<^"«««  «^pS 

to  nronze ;  with  copper  it  dips  a  fine  golden  colour  in  nitr.V 

JVi.  de  Lille,  of  Pans,  has  obtained  from  cryolite  ('n  flnnn'rlo  r.f 

lay  JuaMrroal!co^°riSet°^""'  "^^'^^^f-^a.  and  a 

esulting  Alumini'umreraS  hftL  iS^^^ 
f  trays  containing  the  fluoride     Br  M'L        i    ^  , 
ium  medals  ina  solutiorof  caStic  noffi    ^  "^u^^f^ 
volved;  the  surface  of  the  me  .  £       '  1^^^^  .^^y^rogen  was 

nd  did  not  afterwards  blcomTtll^^^^^^^^  '^^"'^''^"^ 

-A-I-UM  IN  BREAD. 

ho  J-t?;  SfenS  KLr„i;;ui'\»'Si 
he  cause  of  our  failure  in  ita  detSn"  All^iu°r  [he'C? 
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forms  only  a  peroxide,  alumina ;  bo  that  it  is  an  unpliant, 
unaccommodating  metal.  Alumina,  moreover  (the  dyer's  most 
useful  mordant),  has  so  excessive  an  attraction  for  organic 
matter,  with  which  it  forms  insoluble  compounds,  that  it  can- 
not take  an  active  part  in  organismal  changes.  In  truth,  when 
taken  internally,  it  is  prevented,  by  this  precipitation  in  an 
in-soluble  form  along  with  the  first  organic  substance  which  it 
encounters,  from  entering  the  blood,  except  in  minute  quantity, 
and  it  is  not  retained  there.    (Lehmann's  CAem.)  If, 

indeed,  there  is  any  justice  in  the  statement  that  bakers  are  in 
the  habitual  practice  of  adding  alum  to  bread,  we  must  be  con- 
tiuually  swallowing  alumina  ;  yet  none  is  found  in  our  blood. 

Liebig  considers  that  when  alum  is  added  to  bread,  the 
soluble  phosphates,  which  the  flour  largely  contains,  are  decom- 
posed, the  phosphoric  acid  of  the  phosphates  unites  with  the 
alumina  of  the  alum,  and  thus  an  insoluble  phosphate  of  alu- 
mina is  formed,  while  the  beneficial  action  of  the  phosphates  is 
consequently  lost  to  the  system. 

Alum  works  were  introduced  into  England  towards  the  close  of  the 
16th  century,  when  Thomas  Chaloner  (aftei-wards  Sir  Thomas,  and  gover- 
nor of  Prince  Henry,  son  of  James  I.),  while  travelling  in  Italy,  ob- 
served that  the  natural  appearances  of  the  countiy  at  Puzzeoli,  where 
the  Pope  had  his  alum-works,  were  similar  to  those  on  his  esUte  near 
Gainsborough  in  Yorkshire.  He  therefore  induced  some  of  the  Pope's 
workmen  to  accompany  him  to  England ;  in  order  to  smuggle  them 
away,  he  put  two  or  three  of  the  men  into  casks,  and  in  this  man- 
ner had  them  conveyed  to  a  ship  which  was  rea<1y  to  sail.  The  enraged 
Pope  (to  whom  England  had  been  previously  indebted  for  its  supply  of 
alum)  then  visited  Chaloner  with  excommunication  ;  and  his  curse  is  to 
be  found  In  Charlton's  History  of  Whitby,  word  for  word  the  same  as 
that  read  by  Dr.  Slop  m  Tristram  Shandy.  Steme  used  often  to  visit 
his  friend  John  Hall  Stephenson  (the  Eugenius  of  his  story)  at  Skelton 
Castle,  near  Gainsborough,  and  there  became  acquainted  with  the  curse 
in  question,  which  is  familiarly  known  in  the  neighbourhood. 

COPPER. 

This  metal  occurs  in  the  greatest  number  of  places,  and  in 
the  largest  quantity,  in  the  north  of  Europe,  in  England  ana 
Wales,  in  many  parts  of  Asia  and  Africa,  and  m  South  Aus- 
tralia and  Chili.  ,    .  ,  77,,.. 

The  Greeks  were  well  acquamted  with  copper  as  chalcM. 
it  was  used  by  them,  alloyed  with  tin,  for  cutting  and  warlike 
instruments  before  iron  was  known,  or  at  any  rate  before  it 
was  common.  Our  name,  Copper,  is  said  to  be  derived  from 
the  island  of  Cyprus,  where  Tamassus  was  once  fanious  for  its 
copper-mines,  in  the  early  colonisation  by  the  Phoenicians. 
Copper  may  be  reduced  to  very  thin  leaves,  as  we  see  in  Dutca 
metal,  an  alloy  of  11  copper  and  2  zinc  rolled  into  sheets, 
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chiefly  at  the  brass-works  of  Hegenniihl.  It  may  also  be  drawn 
into  very  thin  wire.  After  iron  and  platinum,  it  is  the  most 
tenacious  metal :  a  wire  yfj^  of  an  inch  in  diameter  supports 
a  weight  of  302  pounds  without  breaking.  It  is  a  good  con- 
ductor of  electricity  :  hence  the  wires  of  electric  telegraphs 
are  of  copper.*  It  is  extremely  sonorous, — hence  it  forms  three- 
fourths  of  bell-metal.  Brass  is  copper  and  one-third  zinc  ;  gun- 
onetal,  90  copper  and  10  tin;  specvlum-metal,  copper  and  a  larger 
proportion  of  tin ;  and  hronze,  91  copper,  2  tin,  6  zinc,  and  1 
lead  ;  but  the  brass  of  the  ancients  was  copper  and  tin.  Txi,- 
teTiag  was  copper,  zinc,  and  a  little  iron  ;  Prince  Rupert's  metal 
and  Pinchbeck,  more  copper  than  in  bi-ass ;  Manheim  gold,  3 
copper  and  1  zinc  j  and  Packfong,  or  White  Copper  of  China,  is 
an  alloy  of  copper,  nickel,  and  zinc,  named  German  Silver,  and 
used  for  spoons,  forks,  tfec. 

In  1660,  when  the  Royal  Society  conducted  their  own  ex- 
periments, and  had  their  own  assay-furnace,  we  find  this  entry 
■  of  an  experiment  by  Sir  William  Persall : 

Take  a  handful  of  the  powder  of  Roman  vitriol  (sulphate  of  copper) ; 
put  it  into  a  gallipot,  in  a  pint  of  water  ;  put  in  two  or  three  small  irons 
the  length  of  a  span,  and  three  or  four  times  a  day  constantly  stir  the 
water  and  powder,  and  move  not  the  irons  at  all,  but  let  them  stand 
constantly  in  night  and  day ;  within  the  space  of  three  weeks  there  will 
be  crusted  about  the  irons,  as  far  as  they  are  in  the  water,  a  substance 
piu-er  than  copper,  which  you  may  take  off,  and  will  be  malleable. 

Such  a  result  would  now  be  shown  by  a  lad  as  a  piece  of  "  par- 
lour magic." 

Copper  vessels  for  cooking,  if  kept  clean,  are  not  dangerous, 
provided  whatever  is  boiled  in  them  (unless  of  an  acid  nature, 
which  will  always  form  some  dangerous  compound)  be  not  al- 
lowed to  stand  to  cool  in  the  vessel,  but  be  instantly  poured 
out.  Tinning  the  insides  of  copper  vessels  affords  protection 
so  long  as  the  tinning  remains  entire  ;  but  if  they  be  silvered 
by  the^  electro  process,  they  are  acted  upon  by  weak  acids, 
lemon-juice,  and  vinegar,  arising  from  the  deposited  silver  being 
so  porous  as  to  allow  the  acids  to  permeate  its  substance  ;  and 
the  action  is  most  likely  assisted  by  the  formation  of  a  galvanic 
circuit.    In  such  cases  copper  has  been  detected. 

_  The  most  beautiful  carbonate  of  copper  is  the  mineral  Mala- 
chite of  emerald  green,  extensively  used  for  veneering  and  in- 
laid work.  Sir  Roderick  Murchison  considers  Malachite  to  be 
a  subterraneous  incrustation  produced  during  a  succession  of 
ages  by  copper  solutions  trickling  through  the  surrounding 
loose  and  porous  mass  to  the  lowest  cavity  upon  the  solid  rock  at 
the  bottom  of  one  of  the  shafts  of  the  copper-works  of  the  Ural. 

?,  P'"*^^     Copper,  weighing  about  123  pounds,  was  drawn  out  at 

Walkers  mills,  Biniiiiishani,  to  a  length  of  upwards  of  four  miles,  to  be  laid 
down  as  a  hue  of  telegraph,  without  liuk  or  weld. 
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LEAD. 

This  abundant  metal  is  employed  to  cover  buildings  to 
form  water-pipes  (though  Vitruvius,  the  Roman  architect 
condemned  this  practice),  and  to  make  vessels  for  economical 
purposes.  Pigs  of  lead  have  been  dug  up  in  England  with 
dates  and  inscriptions  proving  this  metal  to  have  been  used 
here  in  the  time  of  the  Romans.  This  people,  as  well  as  the 
Greeks,  proved  the  quaUty  of  their  wines  by  dipping  a  plate  of 
lead  in  them  :  they  knew  that  it  rendered  harsh  wine  milder, 
but  not  that  the  metal  was  poisonous.* 

Lead  is  used  in  refining  the  precious  metals  because,  when 
mixed  with  them  in  a  great  heat,  it  rises  to  the  surface,  com- 
bined with  all  heterogeneous  matters.  The  oxides  of  lead  are 
used  in  dyeing  and  calico-printing,  in  the  manufacture  of  glass,  ; 
earthenware,  and  porcelain.  Lead  combined  with  a  Httle  arsenic  \ 
is  made  into  shot,  in  lofty  towers  :  the  liquid  metal  is  let  fall 
like  rain  from  the  top  of  the  tower  ;  the  drops  in  their  descent 
become  truly  globular,  and  before  they  reach  the  end  of  their  fall 
are  hardened  by  cooling,  so  that  they  retain  their  round  shape. 

Red-lead  is  obtained  by  melting  common  lead  exposed  to 
atmospheric  air ;  white-lead  by  exposing  sheet-lead  to  acetic 
acid.    Pewter  consists  of  80  parts  tin  and  20  lead. 

A  commission  of  German  chemists  have  determined,  after 
long  research,  that  snuff  wrapped  in  lead,  even  when  covered 
with  paper,  or  combined  with  tin,  gradually  becomes  poisonous  { 
by  acting  upon  and  taking  up  the  metal. 

THE  LEAD-TREE. 

The  common  but  very  pleasing  experiment  of  the  Lead-Tree, 
is  greatly  dependent  on  electro-chemical  action.  When  a  piece 
of  zinc  is  suspended  in  a  solution  of  acetate  of  lead,  the  first 
effect  is  the  decomposition  of  a  portion  of  the  latter,  and  the 
deposition  of  metallic  lead  upon  the  surface  of  the  zinc  ;  it  is 
simply  a  displacement  of  a  metal  by  a  more  oxidisable  one. 
The  change  does  not,  however,  stop  here  :  metallic  lead  is  still 
deposited  in  large  and  beautiful  plates  upon  that  first  thrown  \ 
down,  until  the  solution  becomes  exhausted  or  the  zinc  en-  ■ 
tirely  disappears.    The  first  portions  of  lead  form  with  the  zinc  < 
a  voltaic  arrangement  of  sufficient  power  to  decompose  the  |  ^ 
salt :  under  the  peculiar  circumstances  in  which  the  latter  ia 
placed,  the  metal  is  precipitated  upon  the  negative  portion, 
that  is,  the  lead,  while  the  oxygen  and  acid  are  taken  up  by  | 
the  zinc. — Fownes's  Manual  of  Chemistry. 

*  Leaden  moulded  pipes  were  used  in  Cardinal  Wolsey's  time  for  conveying 
water  3^  miles  from  a  spring  in  Surrey,  beneath  thi  bed  of  the  Thames,  to 
Lamptou  Court  Palace. 
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PLUMBAGO,  OE  *'  BLACK-LEAD." 

Plumbago,  erroneously  termed  "  Black-lead,"  is  chiefly  com- 
posed of  carbon  with  some  admixture  of  other  substances,  not 
unfrequently  iron.  Its  importance  for  the  arts  and  crucibles  is 
well  known.  After  the  Borrowdale  mines  in  Cumberland  were 
somewhat  exhausted,  it  became  important,  for  that  variety  of 
plumbago  employed  in  art,  to  obtain  some  substitute.  Several 
compounds  were  invented ;  but  nothing  succeeded  so  well  as 
the  compressing  process  patented  by  Mr.  Brockedon,  by  which 
much  of  the  Borrowdale  Plumbago-dust  has  been  utilised  with 
advantage.  It,  or  any  other  good  plumbago,  is  ground  into  fine 
powder,  placed  in  packets,  and  then  receives  a  pressure  equal 
to  about  5000  tons.  To  prevent  the  injurious  eflfects  of  dis- 
seminated air  in  the  packets  of  fine  powder,  it  is  extracted  by 
means  of  an  air-pump;  and  thus  the  particles  themselves  can  be 
brought  into  close  juxtaposition,  and  forced  to  cohere. 

TIN. 

This  valuable  metal  occurs  in  South  America  and  Malacca, 
in  Saxony  and  Bohemia,  and  more  especially  Cornwall.  To  this 
part  of  our  island  the  Phoenicians  came  to  procure  tin  and  lead, 
and  in  return  gave  salt,  earthenware,  and  copper  goods.  (Strabo.) 
Hence  the  western  extremity  of  Britain,  with  the  Scilly  Isles, 
were  called  the  Casseritides,  or  "  Tin-islands,"  from  a  root 
which  in  some  of  the  Oriental  tongues,  as  well  as  in  the  Greek, 
denotes  Tin.  The  Greeks  appear  to  have  known  these  Tin- 
:  works  before  the  time  of  the  Roman  conquest  of  our  island. 
According  to  Aristotle,  the  Tin-mines  of  Cornwall  were  known 
and  worked  in  his  time :  Diodorus  Siculus  describes  them  ;  and 
the  Romans  mixed  Tin  with  their  copper  coins  and  edge-tools, 
which  are  found  here. 

Tin,  dissolved  in  acids,  is  much  used  by  dyers  for  reds  and 
scarlets ;  and  the  Purple  of  Cassius  (Tin  combined  with  gold) 
IS  employed  in  enamel-painting  and  in  staining  glass.  (S.-e 
"  Discovery  of  Scarlet  Dye,"  p.  118.) 

ZING 

Is  frequently  called  in  commerce  Speltei;  and  was  first  men- 
tioned by  Paracelsus,  in  the  sixteenth  century,  under  the  name 
of  Zinetum.  It  is  the  most  combustible  metal  we  have :  if 
lieaten  out  into  thin  leaves,  it  will  take  fire  from  a  common  taper 
rt  IS  much  used  for  roofs  in  the  Low  Countries  ;  but  in  case 
A  fire,  the  znic  being  very  combustible,  is  extremely  liable  to 
l)ecome  inflamed,  and,  falling  around,  occasions  great  danger  to 
those  who  approach  the  building.    Plates  of  Zinc  are  much 
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employed  in  voltaic  batteries.  With  copper  it  forms  brass. 
Zinc  is  much  used  for  coating  iron  to  prevent  rusting,  and  Zinc 
milk-pans  increase  the  quantity  of  cream  ;  but  if  the  milk  be- 
comes sour  while  in  them,  the  acid  acts  upon  the  Zinc,  and 
forms  unpleasant  if  not  poisonous  compounds.  Zinc  in  the 
purely  metallic  state  produces  no  eflFect  upon  the  human  sys- 
tern,  but  in  combination  with  oxygen  its  medical  properties 
are  numerous  and  important. 

PLATINUM, 

In  the  language  of  Peru  "little  silver,"  was  originally  discovered 
at  two  places  in  South  America,  in  New  Granada  and  at  Bar- 
bacoas.  It  has  been  found  in  considerable  quantities  in  the 
Ural  mountains,  and  is  used  for  coinage  in  Russia.  It  has  also 
been  met  with  in  the  metamorphic  district  of  the  valley  of  the 
Drae,  department  of  Isere.  It  has  likewise  been  found  in  com- 
bination with  gold  in  California;  and  in  1855  it  was  estimated 
that  as  much  as  5300  ounces  of  Platinum  must  have  been  con- 
veyed in  this  way  to  the  Atlantic  States. 

Platinum,  the  heaviest  body  in  nature,  is  incomparably  hard. 
In  the  mass  it  is  lustrous  white,  but  may  be  so  finely  divided 
that  its  particles  no  longer  reflect  light,  and  it  forms  a  powder 
as  black  as  soot.  It  will  then  absorb  more  than  eight  hundred 
times  its  volume  of  oxygen  gas,  and  this  oxygen  must  be  con- 
tained within  it  in  a  state  of  condensation  greater  than  that  of 
liquid  water.  If  a  drop  of  absolute  alcohol  be  let  fall  upon  the 
Platinum,  inflammation  will  immediately  ensue,  and  the  metal 
will  become  incandescent. 

Dr.  Wollaston  obtained  very  fine  Platinum  wire  for  the 
object-glasses  of  his  telescopes,  for  observing  the  relative  places 
of  the  stars,  by  inserting  Platinum  wire  in  a  cylinder  of  silver, 
wire-drawing  the  whole,  and  then  melting  the  silver  coating. 
Now  silver  wire  may  be  drawn  to  the  three-hundredth  of  an 
inch  diameter;  so  that  if  the  Platinum  wire  was  originally 
one-tenth  of  the  thickness  of  the  silver,  it  then  became  only 
the  three-thousandth  of  an  inch.  Dr.  Wollaston  procured  some 
only  an  eighteen-thousandth,  which  did  not  intercept  the 
smallest  star.  Very  fine  Platinum  wire  is  also  employed  as  a 
substitute  for  hair  in  making  forensic  wigs. 

It  is  calculated  that  a  piece  of  Platinum  the  size  of  the  tip 
of  a  man's  finger  could  be  drawn  out  across  Europe. 

Platinum  is  made  a  fulminate  as  follows  :  The  triple  sul- 
phate of  Platinum  and  ammonia  is  boiled  in  a  solution  of  p  t- 
ash ;  when  the  sulphuric  acid  unites  to  the  potash,  a  portion  of 
the  ammonia  is  evolved,  and  the  remainder,  entering  into  inti- 
mate union  with  the  oxide  of  Platinum,  produces  fulminating 
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Platiaum.  Its  explosive  powers  may  be  referred  to  the  sudden 
extrication  of  nitrogen,  ammonia,  and  aqueous  vapour. 

Dr.  Wollaston,  in  1828,  transferred  a  large  quantity  of  Pla- 
tinum and  Palladium  to  the  Council  of  the  Royal  Society,  to 
be  given  "  in  aid  of  chemical  experiments."  A  portion  of  this 
Platinum  has  been  employed  in  the  construction  of  a  Standard 
Troy  Pound,  which  is  preserved  in  the  Instrument  Room  of  the 
Royal  Society.  Dr.  Stukely  in  his  Ms.  Journal  says,  under 
the  date  of  Dec.  13,  1750:  "A  piece  of  Platinum  was  pre- 
sented to  the  Society.  It  is  called  Platina  del  perito,  because 
^its  silvery  colour.  The  Spaniards  sell  it  very  dear,  and  make 
knife-handles,  sword-handles,  and  many  toys  of  it ;  it  bears  a 
good  polish,  and  is  not  apt  to  tarnish.  I  guess  it  would  be 
good  for  speculums  to  reflecting  telescopes." 

Dr.  WoUa.ston's  name  is  intimately  connected  with  several  chemical 
discoveries  of  the  highest  importance.  "  In  1804  and  1805,  he  made 
taiown  palladmm  and  rhodium,*  two  new  metals  contained  in  the  ore 
of  platmum,  and  associated  with  osmium  and  iridium,  discovered  about 
the  same  time  by  Mr.  Tennant.  In  1809  he  showed  that  the  supposed 
new  metal,  tantalum,  was  identical  with  columbium,  previously  disco- 
vered by  Mr  Hatchett ;  and  shortly  before  his  death  he  transmitted 
to  the  lujyal  bociety  a  communication,  constituting  the  Bakerian  Lec- 
ture lor  1828,  in  which  he  fully  describes  his  ingenious  method  of  ren- 
denng  Platinum  malleable.  {Brande's  Manual  of  Chemistry,  p  102  ) 
JJy  this  invention  he  is  stated  to  have  acquired  more  than  thirty  thou- 
fland  pounds.  —  Weld's  History  of  the  Royal  Society,  vol.  ii. 

OEIGIN  OF  CORINTHIAN  BRASS. 

It  was  during  the  mighty  conflagration  of  Corinth,  a  u.c. 
608,  that  the  celebrated  amalgam  called  Corinthian  Brass  is 
said  to  have  been  first  formed ;  gold,  copper,  and  silver,  hav- 
ing melted  and  flowed  together  into  one  precious  mass,  which 
was  considered  in  future  ages  as  more  valuable  than  pure  gold 
ihis  is,  however,  thought  to  be  an  historic  fiction  j  for  another 
account  states  the  city  to  have  been  sacked  before  it  was  fired  • 
lu  which  case  the  Brass  may  have  been  a  recent  discovery  of 
the  Corinthian  people,  and  the  Romans  may  have  plundered 
the  foundry  of  its  contents.  ./  r 

•  The  successful  application  of  rhodium  for  the  nihq  nf  motnii.v 
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POISONS  OF  THE  ANCIENTS. 

Sir  Henry  Halford,  in  one  of  those  delightful  papers  in  which 
he  was  wont,  as  Mr.  Pettigrew  has  gracefully  said,  to  "  display 
the  elegant  scholar  and  observant  physician,"  has  left  us  the 
following  curious  investigations  in  the  death  of  celebrated  cha- 
racters of  antiquity,  with  special  reference  to  the  knowledge  of 
Poisons  possessed  by  the  ancients. 

Sylla  died  in  consequence  of  the  rupture  of  an  internal  abscess, 
througlian  excess  of  rage  ;  which,  according  to  Valerius  Maximxis,  pro- 
duced a  violent  vomiting  of  blood,  and  death. 

Crassus,  the  eminent  lawyer  and  friend  of  Cicero,  died  of  pleurisy ; 
and  the  course  of  treatment  for  this  disorder,  prescribed  by  Celsus,  and 
in  use  at  the  time, —namely,  bleeding,  cupping,  and  blistering,— was  so 
similar  to  that  pursued  at  the  present  day,  that  nothing  was  probably 
left  undone  that  could  have  saved  his  valuable  life. 

Pomponius  Atticus,  whom  Cicero  loved  as  a  brother,  and  who  was  on 
friendly  terms  with  all  parties  in  the  disturbed  times  in  which  he  lived, 
was  said  to  have  died  of  a  fistula  in  the  loins  ;  it  was  probably,  Sir  Henry 
thinks,  a  dysentery  ending,  as  that  disorder  commonly  does,  in  an 
affection  of  the  lower  bowels.  He  had  recourse  to  starvation,  a  very 
common  expedient  amongst  the  Romans,  and  died  in  ten  days,  aged 
seventy-seven 

The  latter  end  of  Socrates  wan  brought  about  by  the  common  mode 
rf  despatching  persons  capi*.,ally  convicted  at  Athens,  namely,  by  a 
uarcotic  poison  ;  but  neither  Xenophon  nor  Plutarch  tells  us  the  spe- 
cies of  poison.  The  poisons  of  this  class  known  to  the  ancients  were 
aconite,  white  poppy,  hyoscyamus,  and  hemlock.  The  black  poppy  might 
be  the  Theban  drug.  The  hyoscyamus  was  used  at  Constantinople,  and 
was  very  likely  the  Nepenthe  spoken  of  by  Homer.  But  most  probably 
the  poison  administered  to  Socrates  was  the  same  as  that  given  to  othef 
condemned  criminals,  namely,  xuvuov,  cicuta,  hemlock.  Juvenal  attri- 
butes his  death  to  hemlock  : 

"  Dulcique  senex  vicinus  Hymetto, 
Qui  partem  acceptae  sseva  inter  vincla  ciciitse." 

WTiatever  may  have  been  the  species  of  poison,  it  was  one  of  weak  and 
slow  operation,  for  the  executioner  told  Socrates  that  if  he  entered  into 
earnest  dispute,  it  would  prevent  its  efieet ;  and  it  was  sometimes  neces- 
sary to  repeat  the  dose  three  or  four  times.  Its  operation  was  gradu- 
ally to  produce  insensibility,  coldness  of  the  extremities,  and  death. 
•  Mr.  Petit,  in  his  Observationes  Miscellaneoe,  remarks  that  the  adver- 
tisement was  not  given  by  the  executioner  out  of  humanity,  but  to  save 
the  cicuta ;  for  he  was  only  allowed  so  much  poison  per  annum  !  which 
if  he  exceeded,  he  was  to  furnish  the  rest  at  his  own  expense.  Thia 
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construction  is  confirmed  by  the  circumstances  as  related  in  Plutarcli 
nearly  as  follows.  When  Phocion  and  his  four  colleagues,  condemned 
for  treason  at  Athens,  were  led  out  to  have  the  customary  dose  of  poison 
administered,  and  all  had  drunk  except  Phocion,  no  more  hemlock  was 
left ;  upon  which  the  gaoler  said  he  could  not  prepare  any  more  unless 
twelve  drachmae  of  money  wore  given  him  to  buy  the  material.  Some 
hesitation  took  place,  until  Phocion  asked  one  of  his  friends  to  supply 
the  money,  sarcastically  remarking,  that  it  was  hard  if  a  man  could  not 
even  die  gratis  at  Athens. 

What  was  that  poison  by  which  Hannibal  destroyed  himself  ?  It  is 
improbable  that  we  shall  ever  know.  Modem  chemistry  has  disco- 
vered a  vuriety  of  subtle  poisons  that  may  bo  introduced  into  a  ring, 
and,  under  certain  circumstances,  destroy  life.  One  drop  of  Prussic 
acid  may  produce  paralysis,  and,  if  taken  into  the  stomach,  may  in- 
stantly arrest  the  current  of  life.  But  it  was  not  likely  that  the  Car- 
thaginians were  acquainted  with  Prussic  acid ;  Lybia  most  probably 
produced  poisons  sufeciently  subtle  and  destructive  to  accomplish  the 
fatal  purpose  of  Hannibal.  The  report  of  its  being  bullock's  blood  must 
bo  a  fable,  as  well  as  in  the  case  of  the  death  of  Themistocles,  for  it  is 
well  ascertained  that  the  blood  of  that  animal  was  not  poison.  An 
accomplished  nobleman  told  Sir  H.  Halford  that  he  had  been  present 
at  a  bull-fight  in  Spain,  when,  after  the  matador  had  killed  the  bull,  a 
person  ran  up,  caught  the  animal's  blood  in  a  goblet,  and  drank  it  ofi", 
as  a  popular  remedy  for  consumption. 

[Hannibal  earned  poison  in  his  sword,  to  despatch  himself  if  he  should 
happen  to  be  surprised  in  any  great  extremity  ;  but  the  sword  would 
have  done  the  feat  much  bettor  and  more  soldier-like.  And  it  was 
below  the  honour  of  so  gi-eat  a  commander  to  go  out  of  the  world  like 
a  rat, — Butle7:'] 

With  respect  to  the  poison  with  which  Nero  destroyed  Britannicus, 
comparing  the  accoimt  given  by  Tacitus  with  the  effects  of  laurel-water, 
Sir  Henry  was  disposed  to  think  that  this  was  the  identical  drug.  It 
appeared  that  the  Emperor  applied  to  Locusta,  a  female  poisoner,  to 
procure  some  vegetable  poison  that  would  kill  speedily.  She  produced 
one  which  destroyed  a  goat  in  five  hours.  Nero,  however,  required  a 
jioison  which  would  kill  instantly,  and  she  procured  such  an  ingredient. 
At  the  banquet,  Britannicus  called  for  water,  which  the  pregusiator 
tasted  ;  it  was  not  sufiiciently  cool ;  part  was  then  poured  oft",  and  the 
fatal  liqvud  added ;  the  young  man  drank,  was  seized  with  an  epileptic 
fit,  and  expired.  The  case  is  analogous  in  the  effects  with  that  of  Sir 
Theodosius  Boughton,  who  was  poisoned  by  Donellan  with  laurel-water, 
and  fell  down  in  an  epilepsy.  In  the  case  of  Britannicus,  Nero  told 
the  company  that  the  young  man  was  liable  to  such  fits  ;  and  in  the 
other  case,  Donellan  said  that  Sir  Theodosius  had  been  subject  to  fits 
from  his  infancy.  Tacitus  mentions  a  blackness  which  came  over  the 
body  of  Britannicus ;  and  Sir  Henry  stated  that  he  was  present  when 
the  corpse  of  Sir  Theodosius  Boughton  was  disinterred,  and  its  colour 
resembled  that  of  a  pickled  walnut.  If  we  could  suppose  that  the  Ro- 
mans were  acquainted  with  the  deleterious  property  of  laurel-water, 
and  with  the  process  of  distillation,  there  could  bo  no  difiBculty  in  con- 
cluding that  Britannicus  was  poisoned  with  laurel-water.  It  is  true 
the  species  of  laui-us  which  yielded  the  deleterious  liqiiid  did  not 

frovf  m  Italy ;  but  it  was  a  native  of  Colchis,  from  whencp  it  might 
ave  been  brought.    The  (aurus  nobilis  (daphne)  grew  about  Rome 
Mid  was  used  in  producing  the  inspirations  of  the  prophetic  priestesses' 
As  to  the  knowledge  possessed  by  the  Romans  of  the  art  of  distillation, 
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they  had  not,  indeed,  a  still  and  refrigeratory  like  the  moderns  •  bula 
they  received  the  vapour  from  the  boiling  herbs  in  a  handful  of  sponffed 
which,  though  a  rude,  was  not  an  inefficient  substitute.  1 
Alexander  the  Great  is  said  to  have  been  poisoned  ;  but  this  is  in-  J 
consistent  with  the  very  detailed  account  of  his  illness  given  by  Arrian 
The  report  was,  that  the  poison  was  sent  by  Antiphon,  and  was  of  suet 
a  peculiar  nature  that  no  silver  or  metallic  substance  would  contain  it 
and  it  was  conveyed  in  the  hoof  of  a  mule.  But  the  article  was  reallj 
onyx,  as  Horace  says :  now  the  word  onyx,  in  Greek,  signifies  not  onlj 
a  stone,  but  ung^us,  a  hoof  or  nail ;  and  the  second  sense  has  been  en 
dently  given  instead  of  that  of  a  precious  stone.  Alexander  really  diec  ■ 
of  a  remittent  fever  caught  at  Babylon,  As  to  the  cause  of  it,  Arriar  " 
expressly  states  that  the  king  was  temperate  and  forbearing  in  the  plea-  \ 
sures  of  the  table  ;  and  when  we  consider  the  laborious  occupations  ol  4 
Alexander,  amidst  frost  and  snow,  and  especially  the  marsh  miasmatei 
of  the  Babylonian  lakes,  Sir  Henry  thought  there  was  no  diflSculty  in  J 
conceiving  that  this  was  too  much  even  foi^his  frame  of  adamant.  The 
diary  of  Arrian,  containing  the  details  of  Alexander's  illness  and  death, 
vindicates  his  memory  from  the  imputation  of  his  having  brought  on  his 
fate  by  intemperance.  Sir  Henry  Halford  closed  his  learned  and  in- 
terestmg  paper  by  a  brief  encomium  upon  the  character  of  Alexander, 
in  the  course  of  which  he  remarked  that  the  eflaciency  of  the  British 
army  in  India,  which  kept  millions  of  natives  in  subjection,  was  main-  i 
tained  by  the  same  measures  which  Alexander  devised  and  executed. 

Mr.  Grote,  in  his  History  of  Greece,  maintains  that  the  cause 
of  the  fever  of  which  Alexander  died  was  intemperance. 

Sir  Thomas  Browne  thus  notices  the  reputed  poisoning  of  Alexander:-* 
"  Surely  we  had  discovered  a  poison  that  would  not  endure  Pandora's  ■ 
box,  could  we  be  satisfied  in  that  which  for  its  coldness  nothing  couldJj 
contain  but  an  ass's  hoof,  and  wherewith  some  report  that  Alexander  th  9 
Great  was  poisoned.    Had  men  derived  so  strange  an  effect  from  some 
occult  or  hidden  qualities,  they  might  have  silenced  contradiction  ;  bur 
ascribing  it  unto  the  manifest  and  open  qualities  of  cold,  thej-  must  pardon 
our  belief,  who  perceive  the  coldest  and  most  Stygian  waters  may  be 
included  in  glasses  :  and  by  Aristotle,  who  saith  that  glass  is  the  per- 
fectest  work  of  art,  we  may  understand  they  were  not  then  to  be  in- 
vented."—  Vulgar  En  ors,  b.  vii.  c.  xvii. 

DEATH  OF  CLEOPATEA. 

Cleopatra  was  present  at  the  decisive  battle  of  Actium,  Sep-> 
tember  2,  31  b.c,  and  she  set  the  example  of  flight,  which  wasii 
followed  by  Marc  Antony.     He  attempted  suicide,  but  theid 
wound  did  not  produce  immediate  death.  Cleopatra,  when  shei*  I* 
heard  the  cries  of  auguish,  and  recognised  the  voice  of  Antony, ", 
despatched  a  messenger  to  bid  him  to  join  her  in  her  tower,r, 
whither  she  had  retreated.    Antony,  pale  and  bleeding,  waa»i 
raised  into  the  tower  by  a  rope,  and  here  he  breathed  his  last, . 
in  the  arms  and  upon  the  lips  of  Cleopatra.    She  then  com-  ^, 
mitted  suicide,  in  order  to  avoid  the  humiliation  of  beiug  led  <i  j? 
in  the  triumphal  procession  of  Octavianus.   Most  probably  she  .t  ■ 
took  poison.     According  to  the  story  in  Plutarch,  she  was  . 
closely  watched  by  the  order  of  Octavianus,  who  suspected  her  ■  ^ 
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design  ;  but  an  asp,  the  reptile  she  had  chosen  for  her  purpose, 
was  brought  her  by  a  peasant  in  a  basket  of  figs.     After  using 
her  bath,  and  partaking  of  a  sumptuous  supper,  she  applied 
the  deadly  serpent  to  her  arm.    Before  retreating  to  her  monu- 
I  ment  or  tower,  she  wrote  to  Caesar,  who  discovered  in  the  tone 
I  of  her  address  an  earnest  of  her  secret  resolution.   He  des- 
I  patched  his  guards  in  haste;  but  Cleopatra  was  no  more.  When 
j  the  door  of  her  apartment  was  burst  open,  she  was  dead  ;  her 
beauty  was  yet  unimpaired.   She  lay  beneath  a  canopy  of  white 
Pelusian,  dropped  with  gems,  upon  a  golden  couch  of  gorgeous 
workmanship,  attired  in  all  the  ornaments  of  royalty  ;  one  of 
her  attendants  lay  dead  by  her  side,  and  the  other  had  just 
strength  enough  remaining  to  arrange  the  diadem  ou  the  head 
of  her  mistress. 

The  Asp  has  thus  obtained  celebrity  as  the  instrument  of  death  se- 
lected by  Cleopatra.  It  is  often  mentioned  both  by  Greek  and  Eoman 
writers  :  its  modem  Arab  name  is  JSl  Haje,  and  it  is  closely  allied  to  the 
cobra  capello,  or  spectacled  snake  of  India.  Its  poison  is  of  the  most 
deadly  nature.  The  habit  which  this  serpent  has  of  erecting  itself  when 
approached,  made  the  ancient  Egyptians  imagine  that  it  guarded  the 
place  which  it  inhabited.  They  made  it  the  emblem  of  the  divinity 
whom  they  supposed  to  protect  the  world  ;  accordingly,  they  have  re- 
presented it  on  their  temples  sculptured  on  each  side  of  a  globe. 

POISON-ETNGS  OF  THE  ANCIENTS. 

Many  cases  are  recorded  of  suicide  by  the  ancients  by  means 
of  nngs  made  with  hollow  beads  to  receive  a  small  drop  of 
concentrated  poison,  of  the  class  called  acro-narcotic.  Thus, 
M.  Crassus,  when  arrested  on  a  charge  of  purloining  from  the 
temple  of  Capitoliue  J ove  an  immense  amount  of  gold  deposited 
there  by  Camillus,  broke  the  hollow  receptacle  of  his  ring  be- 
'  ween  his  teeth,  and  fiilling,  expired  on  the  spot.  Hannibal's 
eath  18  said  to  have  been  occasioned  by  a  ring  : 

Not  the  swift  sling  nor  strenuous  spear  shall  harm 
The  life  that  held  the  nations  in  alarm  • 
A  ring,  behold,  the  debt  of  vengeance  pay, 
And  all  the  blood  which  blends  with  Cannje's  clay. 

d  to  mention  but  one  other  instance,  the  illustrious  Demos- 
enes  met  his  death  in  a  like  manner,  and  for  a  like  reason. 

THE  POISON-BOWL  OF  CAPUA. 

On  the  night  before  Capua  capitulated  to  the  Romans,  seven- 
nd-twenty  oi  the  chief  nobles  of  that  city  were  invited  by 
ivi  aI^''"'      ^  ^T^"^]  ^"ticipation  of  their  owj 

l!ri.;f  u^""  ""Ppe^'^hen  they  were  filled  with  meat  and  drink, 

nd  Vh^;  /'•.^'''^       '\'™P^^'  q^^ff^d  ^  bowl  of  poison 

nd  then  handed  it  round  to  his  guests,  who  drank  each  man 
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that'nil^h/  final  embrace,  all  separated. l^i;;;;;;:,. 

Jiext  (X-^y.—J<raser'8  Magazine,  No.  317.  ^ 

POISONING  BY  AESENIC. 

We  have  already  glanced  at  the  properties  of  metallic  Arsenicc 
and  now  propose  to  consider  a  few  of  the  effects  of  ifs  com 
pounds  rendered  serviceable  in  medicine;  but  science  ha' 
unfortunately  enabled  wicked  men  to  increase  and  mult  pfy 

^•''"C^'^f ^  P°'^«"'  the  same  LVt 

baffle  detection  by  the  most  subtle  art 

it  h^^nn''f^jt'/'''r  ^'."^sists  is  the  arsenious  acid;; 

It  has  not  the  garhc  smel ,  and  is  a  virulent  poison,  which  ii^ 
not  the  case  with  the  metal.     The  detection  of  arsenious  acid 
m  complex  mixtures  containing  organic  matter  and  common 
salt,  as  beer,  gruel,  soup,  <fec.,  or  the  fluid  contents  of  the 
stomach  in  cases  of  poisoning,  is  a  veiy  difficult  problem ;  the. 
organic  matters  rendering  the  indications  of  the  Hquid  tests* 
worthless.  ^ 

=.iH^f?^^'  '^u**'",^^''  .^^^emely  delicate.    The  suspected  Hquid  las 

?f  nn/£  F  arsenious  acid  and  combines  with  the  arsenic 

If  any  be  present  The  gas  is  burned  at  a  jet,  and  a  piece  of  glass  or  • 
porcelam  held  m  the  flame,  when  any  admixture  of  arsenetted  hfSLZ 
as  at  once  known  by  the  production  of  a  brilliant  black  metalUc  spo!  of  • 
reduced  arsenic  on  the  porcelain.  {Fownes's  Manual.)  The  zinc  and. 
the  siilphuric  acid  should  be  previously  examined  in  the  apparatus,  as « 
they  often  contain  traces  of  arsenic. 

Eeinsch's  test  with  copper- wire  is  also  very  delicate.  By  dissolvin?  • 
a  gram  of  arsenious  acid  in  a  pint  of  distilled  water,  arsenic  has  been  . 
detected  at  a  dilution  of  560,000  times  ;  and  at  280,000  times  the  hquor  • 
IS  so  strong  as  to  be  fit  for  sublimation,  having  a  bright  steel  colour. 

White  arsenic  is  generally  said  to  be  in  taste  acrid  and  cor- 
rosive ;  but  Dr.  Gordon  states  it  to  be  at  first  always  sweet, 
but  afterwards  somewhat  acid.  It  is  not  so  poisonous  as  Prussic 
acid  and  strychnia,  while  its  curative  influence  is  very  great. 
A  small  quantity,  as     or  ^  of  a  grain,  acts  as  a  tonic;  but  this 
statement  should  not  lead  any  one  to  make  a  hasty  or  incon- 
siderate use  of  this  very  powerful  agent,  which  should  be  left  in 
the  hands  only  of  the  mo'st  skilful  medical  practitioners.  Before 
its  regular  introduction,  combined  with  potass,  it  was  employed 
in  Lincolnshire  for  the  cure  of  interipittent  fevers,  under  the 
name  of  the  Tasteless  Ague  Drops.   In  rheumatisms,  neuralgia, 
heart-bum,  epilepsy,  hydrophobia,  tetanus,  cancer,  and  skin- 
diseases,  arsenic  is  given  by  regularly-educated  practitioners, 
but  should  never  be  used  as  a  domestic  or  household  medicine. 
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Marvellous  stories  are  related  of  the  common  people  eating 
arsenic  in  Lower  Austria  and  Styria,  and  thus  giving  plumpness 
to  the  figure,  and  beauty  and  freshness  to  the  complexion,  and 
easy  breathing  to  persons  climbing  steep  and  continuous  heights. 
We  have  known  arsenic  given  to  horses  among  their  corn,  to 
improve  their  coats  and  condition  ;  here  it  is  a  stealthy  practice, 
but  in  Austria  it  is  openly  followed. 

The  want  of  care  and  exactness  in  the  quantity  of  arsenic, 
and  the  frequent  change  of  servants,  have  doubtless  occasioned 
the  loss  of  many  valuable  horses,  whose  deaths  have  remained 
a  mystery  ;  for  it  is  a  wonderful  fact  with  regard  to  the  taking 
of  arsenic,  that  if  it  be  discontinued,  the  constitution  breaks 
up  with  precisely  the  same  symptoms  which  are  produced 
by  arsenical  poisoning  \  and  the  sufferer  (the  effect  is  the 
same  on  the  man  as  on  the  horse)  dies  a  miserable  death  from 
want  of  arsenic,  with  every  appearance  of  being  the  victim  of 
poison. 

The  subject  is,  however,  beset  with  contradictory  evidence. 
At  the  meeting  of  the  British  Association  in  1859,  a  remark  made 
by  Mr.  Trevelyan,  that  it  was  the  opinion  of  some  that  arsenic, 
when  taken  in  small  quantities,  was  not  deleterious,  brought 
forth  warning  from  Professor  Daubeny,  not  to  put  any  faith 
in  the  statement  in  Dr.  Johnston's  Chemistry  of  Common  Life, 
that  arsenic  is  taken  by  the  girls  of  Tyrol  to  improve  their  com- 
plexion, and  that  when  taken  constantly  the  system  becomes 
used  to  it,  that  being  the  reverse  of  the  fact.  Mr.  Liveing 
observed,  he  had  heard  this  use  of  arsenic  had  been  told  to  Di° 
Johnston  by  a  practical  joker,  who  did  not  like  to  confess  the 
imposition  after  it  had  been  made  public.  Now,  in  Johnston's 
work,  vol.  ii.  pp.  201-204,  Dr.  Von  Tschudi,  the  traveller,  is 
quoted  as  the  authority. 

Arsenic  has  been  detected  in  vinegar,  conveyed  in  the  sul- 
huric  acid  with  which  vinegar  is  adulterated.  To  diminish 
the  crystallising  force  of  fatty  acids  in  candle-making,  arsenious 
icid  was  formerly  employed  ;  but  the  *'  arsenic  candles"  were 
?oon  driven  out  of  consumption,  and  the  manufacturing  effect 
:s  now  produced  by  regulation  of  temperature.  The  arsenic  of 
jopper  in  green  paper-hangings  is  liable  to  be  blown  or  brushed 
)flf,  dispersed  in  the  apartment,  and  inhaled.  Prof.  Lain,  of 
Besangon,  has  proved  there  to  be  arsenic  in  the  wire  of  which 
)ins  are  made,  three  or  four  giving  a  perceptible  quantity  •* 
never  put  pms  in  your  mouth."  Fly-paper,  "  Papier  Moure  " 
las  been  found  to  bear  arsenious  acid  enough  in  four  sheets  to 
iestroy  a  human  life.  Artificial  Manures  (as  superphosphates)  * 
)emg  prepared  with  sulphuric  acid  which  contains  arsenic 
may  be  absorbed  by  plants  grown  with  such  manures,' 
•  Possibly  this  maybe  from  the  sulphuric  acid  in  the  vickh  for  the  pins. 
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and  the  poison  be  thus  conveyed  into  our  systems.  Arsenic  hau 
long  been  used  in  steeping  grain  for  seed  ;  when  it  preservei; 
the  seed  from  decay,  kills  the  vermin  which  might  devour  it; 
and  converts  them  into  manure.  Arseuite  of  copper,  used  fo  i 
colouring  confectionery  green,  has  poisoned  many  children; 
Shot  (arsenic  and  lead),  from  being  left  in  wine-bottles  iu 
washing,  and  afterwards  dissolved  in  wine,  has  often  produce*-* 
colic  in  the  drinkers,  if  not  death. 

Orfila  at  one  time  thought  he  had  satisfactorily  proves 
arsenic  to  be  a  normal  constituent  of  the  bones  of  man  ;  ai^i 
opinion  which,  if  confirmed,  would  have  gone  far  to  render  inij 
operative  chemical  testimony  in  relation  to  the  unfair  or  crimi: 
nal  presence  of  that  body.  Orfila  subsequently  altered  tha 
opinion  ;  but  more  recent  chemical  investigators  have  demon 
strated  the  presence  of  arsenic  in  sources  where  it  would  hav 
been  little  suspected.  Amongst  others,  that  metal  has  been 
proved  to  exist  invariably  in  the  ochreous  deposits  which  cer 
tain  varieties  of  natui'al  water  throw  down.  Cognisant  of  thi 
fact.  Prof.  Otto,  of  Brunswick,  examined  for  arsenic  the  cru£ 
which  had  formed  inside  his  tea-kettle ;  and  by  the  applicatio 
of  Marsh's  test  he  proved  the  presence  of  arsenic.  The  wate  . 
used  in  London  deposits  a  large  amount  of  crust  in  tea-kettles^ 
it  holds  a  variable  portion  of  oxide  of  iron,  and  probably,  i  i 
subjected  to  chemical  tests,  it  will  be  found  to  contain  arseuicc 

In  a  paper  in  Silliman^s  Journal,  1859,  it  is  stated  that  thij 
larvas  which  consumed  some  rats  that  had  been  poisoned  witt 
arsenic  and  flyblown,  were  not  affected  by  it,  although  it  i  J 
well  known  that  flies  themselves  are  quickly  destroyed  bb 
arsenic. 

HOW  THE  NETTLE  STINGS. 

Prof.  "Wills,  of  Giessen,  having  ascertained  the  liquid  in  thh 
poisonous  organs  of  some  insects  to  be  formic  acid,  considere-e 
it  probable  that  the  same  acid  occurred  in  plants,  which  by  theid 
stinging  hairs  produce  effects  analogous  to  the  stiug  of  certaiii 
insects.    Acting  on  this  suggestion.  Dr.  Gorup-Besanez  has  dw 
tected  formic  acid  in  various  stinging-nettles.    It  exists  i\ 
minute  quantities,  and  is  supposed  to  be  contained  only  in  tha 
stinging  hairs,  from  its  being  observed  that  when  a  solution  C( 
silver  is  applied  to  the  plant  under  the  microscope,  with  a  gen  i 
tie  heat,  reduction  always  first  occurs  at  the  extremity  of  tl 
stinging  hair.  In  other  words,  this  is  done  by  the  cuticle  of  tii 
'  plant  being  extended  into  rigid  hairs  or  bristles,  which  hav.^ 
venom  at  their  root,  and  a  portion  of  which  is  conveyed  throug 
them  into  the  wound  they  inflict.    The  construction  of  t;u 
sting  may  be  considered  analogous  to  that  of  the  serpent.  Mi 
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jji  Curtis,  in  his  Flora,  has  thus  minutely  described  the  stinginff 
Vfi    process :  °  ^ 

}  .  J^^.J^^"^^^  eye  readily  perceives  the  instrumen  ts  by  which  the  nettle 
instils  ita  poison  ;  but  a  microscope  of  no  great  magnifying  power  more 
plamly  discovers  them  to  be  rigid,  transparent,  tubular  set^,  prickles, 
^Lf  w-f^'  ^^u^^^"^'.  ""^"^  exquisitely  pointed,  furnished  at  their 

i«l  Jnrl  Jw\\  the  juice  is  principaUy  contained  ; 

^nl^^  f '  .1?'°^  ^""T"^  ^^^"^  sting  enters  the  skin,  forces  the 
poioon  into  the  wound. 

Plal^cr^£«Vrr,r%'^"^^'^  °f  hquid  Ihave  had  ocular  proof. 
thatX  wh2  n^^^^^  microscope,  so 

that  the  whole  of  the  prickle  was  in  the  focus  when  horizontally  ex- 

Ss  tnnf  rr"^  -'^      ^^^^        ^  blunt-pointed  pin,  and  a?ter Tome 

s  Iver  does  wh.n'f'l  f""?-  ^  *!».%P™kl«'  somewhat  as  the  quick- 
silver does  when  a  warm  hand  is  applied  to  the  bulb  of  a  thermometer 

iLhl"  T'^l''  ^  "^^^^^^^        liquid  stationary.    Or  pr^s^g 

such  m  particular,  I  saw  most  plainly  the  liquid  ascend  to  and  flnl 

tr'aTKstc'LTth^*^  '^-^^  '  -2The  rrfai^ous'tot: 

!rJ!'  Ai  s"fP^°*^d  poison  might  proceed  from  an  apertm-e  in  the 
side  of  the  stmgnear  the  point,  as  in  the  forceps  of  the  spfder  Sid  tooth 

miS%StTt'm^'noTta^:K"  placed,'ratherlhTa\^?^exTrS 

s^l  hyTSl"''^^'^''^'        P"^*^  appearance  of  a  part 

r.aJ^^^^^t  ^^^^y  caterpillar  crawls  and  feeds  on  the 

nettle  with  impunity,  reminding  5ig  how  the  Giver  of  ^  Jod 
tempers  the  wind  to  the  shorn  lamb  "  ^ 
The  effects  of  the  European  nettle  are  not,  however  to  bo 

TcSa'St  '^^^^^^^^^^        Indian  species.  M.Se'siLl 
i?oS  •     ^     ^  at  Calcutta,  the  pain  from  the  sting  of  which 
lasted  nme  days.    The  sensation,  when  water  was  annlipJ  7^lhL 

if  boiling  oil  hTd  beenTou^^^^ 

HYDROCYANIC,  OR  PRUSSIC  ACID  * 

^^"^r^^^^^  i  veiy  powerful 

noad  oil.    In  the  anhydrous  s?2  tht  fw' 
;he  most  formidable  poisons  knoln    «L  "  '^'''''t 
iilated  with  water,  its  effects  unon  tL^^-        "^^^"^  ^^'^ely 
Jeediugly  energetic    It  is  PmnE^  *^  ^^st^"^  are  ex- 

•  See  onto,  page  S3. 
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taiuing  carbon,  nitrogen,  and  perhaps  "hydrogen  ;  amraonw  is 
formed  at  the  same  time,  and  many  other  products.  Light 
favours  this  decomposition. 

Bitter  almonds,  the  kernels  of  plums  and  peaches,  the 
seeds  of  the  apple,  the  leaves  of  the  cherry-laurel,  and  variouH 
other  plants  belonging  to  the  great  natural  order  liosacece, 
yield  on  distillation  with  water  a  sweet-smelling  liquid,  con- 
taining hydrocyanic  acid.  This  is  probably  due  in  all  cases  to 
the  decomposition  of  the  amygdalin,  preexistent  in  the  organic 
structure.  The  change  in  question  is  brought  about  in  a  very 
singular  manner  by  the  presence  of  a  soluble  azotised  substance, 
called  emulsin  or  syiiaptase,  which  forms  a  large  proponiou  of : 
the  white  pulp  of  both  sweet  and  bitter  almonds.  Hydrocy- 
anic acid  exists  ready  formed  to  a  considerable  extent  iu  the  • 
juice  of  the  bitter  cassava. 

We  are  perhaps  most  familiar  with  hydrocyanic  acid  in  the 
smell  of  the  wall-flower  and  hawthorn.  It  exists  in  the  leaves  • 
of  the  common  laurel  so  largely,  that  a  water  distilled  from  ■. 
this  is  almost  instantaneous  poison.  This  fact  was  discovered  I 
at  Dublin  in  1728  (fifty-four  years  previous  to  Scheele's  dis-  • 
covery),  where  several  persons  who  had  used  it  as  a  cordial, , 
mixed  with  spirits,  were  poisoned.  Yet  the  flavouring  so  com-  ■ 
monly  used  for  custards  and  farinaceous  puddings  coutaits  a  i 
large  proportion  of  this  deadly  poison. 

Prof.  Santi,  of  Pisa,  many  years  since  wrote  an  interesting ; 
little  work  to  show  that  ratafia  had  long  been  made  with  Italian  i 
laurel-leaves.    Kirschwasser  is  drawn  from  the  stones  of  cher- 
ries chiefly  grown  in  the  environs  of  the  Black  Forest :  accord- 
ing to  Le  Normand  it  is  "  downright"  poison.    In  Paris,  a  i 
spurious  Kirschwasser  is  distilled  from  the  kernels  of  prunes. 

The  only  immediate  remedy,  of  safe  application  by  a  non-  • 
medical  person,  for  poisoning  by  Prussic  Acid,  or  any  vegtta-  • 
ble  substance  containing  it,  is  pouring  a  stream  of  cold  water  • 
from  some  elevation  upon  the  head  and  spine  of  the  patient.  . 
The  lives  of  many  have  been  saved  by  this  very  simple  nietns  » 
being  resorted  to  immediately,  while  the  delay  of  a  few  minures  = 
would  have  proved  fatal.  The  effect  of  this  poison  is  narcot  c ;  : 
and  owing  to  its  rapid  action  on  the  nervous  system,  a  couvil- 
sive  contraction  of  the  muscles  of  the  jaw  generally  prevents  ^ 
the  administration  of  emetics.* 

Cyanide  of  Potassium,  one  of  the  compounds  of  this  clas, 
is  used  in  considerable  quantity  in  electro-plating  and  gildint,  . 
and  has  lately  been  derived  from  a  curious  and  unexpec  tLtt 
source.    In  some  of  the  iron-furnaces  of  Scotland,  where 

•  From  British  Poisonous  Plants.    By  Charles  Johnson.  Botanical  T.eetnrer 
Guy's  Hospital.    With  coloured  plates.    Sowerby :  Lambeth.  (This  is  uu  e.\ 
lent  work  of  authority.) 


Curiosities  of  Science.  137 


coal  is  used  for  fuel  with  the  hot-blast,  a  saline-lookiug  sub- 
stance is  occasionally  observed  to  issue  in  a  fused  state  from  the 
tuyere-holes  of  the  furnace  and  concrete  on  the  outside :  this 
proves  to  be  cyanide  of  potassium. 

STRYCHNINE  AND  STRYCHNOS. 

Strychnine,  or  Strychnia,  is  usually  prepared  from  the  peltiate 
seeds  of  Strychnos,  which  are  commonly  termed  Nux  Vomica 
rats-bane,  poison-nut,  or  Koochta.    Strychnos  is  a  tropical 
bush  growing  to  the  size  of  a  tree,  on  the  Malabar  and  Coro- 
mandel  coasts  of  the  Indian  peninsula.    It  bears  a  cluster  of 
minute  flowers  and  small  orauKe-like  fruit.    The  seeds  are  im- 
bedded m  a  white  gelatinous  pulp,  which  seems  harmless,  bein<r 
greedi  y  eaten  by  many  sorts  of  birds.    The  seeds  alone  form 
the  fatal  drug.    The  wood  of  the  tree  is,  however,  intensely 
bitter  and  is  employed  m  the  cure  of  intermittent  fevers  and' 
the  bites  of  venomous  snakes;  indeed,  Strychnine  itself  is  au 
important  remedial  agent.    In  veiy  small  and  repeated  doses  it 
promotes  the  appetite  and  assists  the  digestive  process    It  is 
employed  medicinaUy  in  paralysis,  dyspepsia,  dysentery,  affec- 
tions of  the  nervous  system,  &c.    In  India,  the  seeds  were 
used  in  l)r.  Roxburgh's  time  to  increase  the  intoxicating  qualitv 

t^t'^T^L'T'l  u^'  -^'"f  ."^  2illah  of  Midnapore^ 
last  Indies,  the  bush  grows  (as  to  its  berries)  in  great  and  wild 
abundance.    It  is  remarkable  for  its  encouraging  the  most 

ur&ode!'  ''  ''^"^  '^P'^^o 

"  thIT       ^""'^     *  »^  Stn/c/mos  tienie  is  obtained 

the  frightful  poison"  called  "tjettek,"  and  "unas  radia  » 
Another  species  is  employed  by  the  American  Indians  to  po  son 
their  arrows ;  it  causes  immediate  death  when  introduced  intS 
the  slightest  wound.  This  plant  is  also  the  "  upas-tree"  of 
Java  ;*  but  being  a  climbing  'plant,  is  differentin  general  habit 
and  botanical  characters  from  the  half-mythical  urns  of  which 

mTul  ^""t'     ^"""'^  ^^-^  a^e  name  of 

Upas  has,  however,  become  associated  with  a  great  number  of 
poisonous  trees  throughout  Asia.  The  true  Upas-tree  is  the 
^ntmna  toxicaria,  which  yields  the  Antiar  roison  but  the 
seeds  are  wholesome.  Its  venom  i<?  Hhp  +d  '  ^  •  , 
substance  Strychnine,  ^hTcr'^onstt^^^^^  KwT^^^ 
vcmzca.  Dr.  Lindley  observes  that,  although  mXerror  has 
been  written  regarding  the  Upas,  there  remains  no  douS  th-lc 

tVtouftw  r'^""'  virulence  ;  even  linen  fabiicated  from 
^ts  tough  fibre  being  so  acrid  as  to  verify  the  story  of  the  shirt 

Sr;4ptd.^^^^^"  "^^^^  ^^^^--^    if  "ffi- 

•  See   The  Upas-tree  of  Java,"  Things.u>t  generally  Knou^n,  First  Series,  p.  99. 
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Strychnine  is  used  medicinally  in  very  small  qiiantitits 
and  has  no  other  legitimate  application.  Its  consumption  is' 
therefore,  unaccounted  for  :  twelve  years  since  a  ton  of  this 
article  would  have  been  a  large  annual  import,  whereas  it  now 
exceeds  sometimes  100  tons. 

An  over-dose  of  strychnine  produces  tetanus  (lock-jaw)  and 
death  ;  a  medicinal  one  (one-ninth  of  a  grain  three  times  a  day, 
for  example)  restores  the  sensation  of  paralytic  limbs.  The 
sulphate  of  strychnine  has  marked  eflfects  in  doses  of  one- 
twelfth  of  a  grain.  One  of  Dr.  Bardsley's  patients,  in  Lancashire, 
who  was  experiencing  the  return  of  sensation  in  his  paralysed 
limbs  under  the  use  of  strychnine,  asked  if  there  was  not  some- 
thing quick  in  the  pills;  quick  for  alive  being  still  in  use  in  that 
part  of  England. 

The  painful  interest  associated  with  this  poison  has  been 
much  increased  of  late  years  by  the  frequency  of  its  employ- 
ment for  criminal  purposes ;  thus  rendering  its  detection  an 
important  process,  which  has  been  sometimes  attended  with  un- 
certain results  in  medico-legal  inquiries.  Mr.  W.  B.  Herapath, 
in  a  communication  to  the  Royal  Society,  states  that  in  one 
experiment  he  took  1-lOOOth  part  of  a  grain  of  strychnine  only, 
and  produced  ten  crystals  of  nearly  equal  size :  of  course  each 
one,  possessing  distinct  and  decided  optical  properties,  could 
not  represent  more  than  the  l-10,000th  part  of  a  grain;  in  fact, 
it  really  represents  much  less,  inasmuch  as  one  portion  of  the 
strychnia  is  converted  by  substitution  into  a  soluble  hydrio- 
date,  and  of  course  remains  dissolved  in  the  liquid.  In  this 
experiment  diluted  spirit  of  wine  is  used — one  part  spirit  to 
three  of  water  ;  the  smallest  quautity  of  tincture  of  iodine  is 
the  re-agent,  after  employing  heat  for  a  short  time,  to  set  it 
in  repose.  On  spontaneous  evaporation  or  cooling,  the  optical 
crystals  deposit  themselves,  and  may  be  recognised  by  the 
polarising  microscope. 

Mr.  F.  Horsley,  in  a  paper  read  to  the  British  Association, 
maintains  it  to  be  as  much  out  of  the  power  of  any  human 
being  to  define  the  limits  of  sensibility  which  he  has  attained, 
as  it  would  be  to  count  the  sands  or  measure  the  drops  of  the 
ocean.  Taking  30  drops  of  a  solution  of  strychnia  containing 
half  a  grain,  he  diluted  it  with  four  drachms  of  water.  He  then 
dropped  in  six  drops  of  a  solution  of  bichromate  of  potass, 
when  crystals  immediately  formed,  and  decomposition  was 
complete.  Splitting  up  the  half-grain  of  strychnia  into  millions 
of  atoms  of  minute  crystals,  he  said  that  each  of  these  atoms, 
if  they  could  be  separated,  would  as  effectually  demonstrate 
the  chemical  characteristics  of  strychnine  as  though  he  had  i 
operated  with  a  pound-weight  of  the  same.  \ 
Dr.  Marshall  Hall  observes,  that  when  the  chemical  test 
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fails,  there  remains  the  physiological ;  and  he  considers  the 
eflfect  on  the  most  excitable  of  the  animal  species  (the  frog) 
to  be  at  once  the  most  delicate  and  specific  test  of  this  poison. 

_  He  placed  one  frog,  fresh  from  the  pools,  in  an  ounce  of  water  con- 
taining the  l-50th  part  of  a  grain  of  the  acetate  of  strychnia ;  a  second 
in  the  same  quantity  of  water,  containing  the  l-66th  ;  a  third,  contain- 
ing 1-lOOth  ;  and  a  fourth,  containing  l-200th.  All  became  tetanic  in 
two  or  three  hours,  except  the  third,  which  was  a  female  (the  others 
being  males),  which  required  a  longer  time.  Next  was  placed  a  male 
frog  in  l-400th  part  of  a  grain  of  the  acetate  of  strychnia  dissolved  in 
six  drachms  of  water.  In  three  hours  and  a  half  it  became  violently 
tetanic.  In  two  other  experiments,  the  l-500th  and  the  1-lOOOth  of  a 
grain  of  the  acetate  of  strychnine  were  detected. 

Professor  Kolliker,  of  Wurzburg,  has  shovm  that— 1.  The  Antiar  is 
a  paralysing  poison.  2.  It  acts,  in  the  first  instance,  and  with  great 
rapidity  (in  five  to  ten  minutes),  upon  the  heart,  and  stops  its  action. 
3.  The  consequences  of  this  paralysis  of  the  heart  are  the  cessation  ot 
the  voluntary  reflex  movements  in  the  first  and  second  hour  after  the 
introduction  of  the  poison.  4.  The  Antiar  paralyses,  in  the  second 
place,  the  voluntary  muscles.  5.  In  the  third  place,  it  causes  the  loss 
of  excitability  of  the  great  nervous  tnmks.  6.  The  heart  and  muscles 
of  frogs  poisoned  with  Urari  may  be  paralysed  by  Antiar.  7.  From  all 
this  it  may  be  deduced  that  the  Antiar  principallv  acts  upon  the  mus- 
cular fibre,  and  causes  paralysis  of  it.— Proc.  Moi/al  Society. 

Professor  J ohnston  maintains  the  bitter  substance  of  strych- 
nine to  be  so  intense,  that  its  taste  can  be  detected  in  600,000 
times  its  weight  of  water. 

It  was  long  an  opinion  that  strychnine  Avas  evanescent, 
and  difficult,  if  not  impossible,  to  detect  after  death  ;  but  this 
poison  has  been  obtained  from  bony  tissue  long  after  the  death 
and  putrefaction  of  the  victim  who  had  been  poisoned  by 
repeated  small  doses  of  this  drug.  Nicotine  has  been  more 
than  once  used  with  success  to  counteract  strychnine. 

THEOEY  OF  POISONS. 

Whv  compounds  with  so  nearly  the  same  elements  as  oxalic 
acid  and  sugar,  Prussic  acid  and  common  vinegar,  <fec.,  should 
have  such  opposite  eflFects  upon  the  living  frame,  we  can  no 
more  explain  than  we  can  why  Ipecacuanha  should  excite 
vomiting;  but  we  know  the  facts  well  and  can  turn  them  to  very 
useful  account.  Among  the  substances  rendered  interesting  by 
their  powerful  action  as  poisons,  there  are  among  vegetables 
strychnia,  aconite,  tobacco,  Prussic  acid,  belladonna,  &c. 
Among  animals,  there  are  the  venom  of  serpents,  the  poison  of 
Btings,  the  sahva  of  the  mad  dog,  &c. 

The  protecting  power  of  some  substances  is  imperfectly 
understood.  It  is,  however,  known  to  be  connected  with  the 
general  theory  of  poisons  ;  and  to  this  we  must  probably  as- 
cribe the  fact  that  several  poisons  which  are  fatal,  when  applied 
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to^  a  wounded  surface,  may  be  taken  into  the  stomach  with  iui- 

VENOM  OF  SEEPENTS. 

Dr.  J.  Gilman  Of  St.  Louis,  states  that  the  process  of  rob- 
bing Serpents  of  their  Venom  is  easily  accomplished  by  the  aid 
of  chloroforni,  a  few  drops  of  which  stupefy  them :  afid  when 
under  its  influence,  the  poison  may  be  taken  from  out  of  the 
fang  ;  but  in  two  days  a  serpent  so  robbed  has  been  found  aa 
highly  charged  as  ever  with  venom.  Dr.  Gilman  inoculated 
several  heal  hy  vegetables  with  the  point  of  a  lancet  weU 
charged  with  the  venom:  next  day  they  (the  plants)  were 
withered  and  dead,  as  though  they  had  been  scathed  with 
lightning  ;  so  that  the  venom  destroys  all  forms  of  organised 
lite  vegetable  as  weU  as  animal.  Dr.  Gilman  also  maintaiug 
that  serpents  possess  the  power  of  fascinating  smaU  animals 
and  that  this  power  is  identical  with  mesmerism.  ' 

^  w"";  ^T^}^  Buckland,  in  his  deservedly  popular  Curiosities 
of  Natural  History,  tells  us  that 

The  Poison  of  the  Viper  consist?  of  a  yellowish  liquid  secreted  in  a 
glandular  structure  (situated  immediately  below  the  skin  on  either  side 
of  the  head)  which  is  believed  to  represent  the  parotid  gland  of  the 
higher  ammals  If  a  viper  be  made  to  bite  something  solid,  so  as  to 
void  Its  poison,  the  following  are  the  appearances  under  the  microscope : 
At  first  nothing  is  seen  but  a  parcel  of  salts  nimbly  floating  in  the 
liquor  but  m  a  very  short  time  these  saline  particles  shoot  out  mto 
crystals  of  incredible  tenuity  and  sharpness,  with  something  like  knots 
here  and  there,  from  which  these  crystals  seem  to  proceed,  so  that  the 
whole  texture  in  a  manner  represents  a  spider's  web,  though  infinitely 
finer  and  more  minute.  These  spicule,  or  darts,  will  remain  unaltered 
on  the  glass  for  some  months.  Five  or  six  grains  of  this  viperine  poi- 
son, mixed  with  half  an  ounce  of  human  blood,  received  in  a  warm 
glass,  produce  no  visible  effects,  either  in  colour  or  consistence :  nor  do 
portions  of  this  poisoned  blood,  mixed  with  acids  or  alkaUes,  exhibit 
any  alterations.  When  placed  on  the  tongue,  the  taste  is  sharp  and 
acrid,  as  if  the  tongue  had  been  struck  with  something  scalding  or 
burning ;  but  this  sensation  goes  off  in  two  or  three  hours.  There  are 
only  five  cases  on  record  of  death  following  the  bite  of  the  viper  •  and 
It  has  been  observed  that  the  effects  are  most  vu-ulent  when  the  poison 
has  been  received  on  the  extremities,  particularly  the  fingers  and  toes, 
at  which  parts  the  animal,  when  irritated  (as  it  were,  by  an  innate  in- 
stinct), always  takes  its  aim. 


POISONOUS  FUNGI.* 

The  action  of  Fungi  is  variable,  some  of  the  reputed  whole- 
some species  even  proving  poisonous  to  certain  constitutions, 

*  Some  species  of  Fungi  contaminate  the  air,  and  render  it  unfit  for  respira- 
tinii,  by  absoi  biiiff  oxyseii,  and  exlialiiij,'  carbouic  acid :  iu  a  chemical  point  of 
view,  tliey  are  like  animals  without  motion.— iieWy. 
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and  the  contrary.    Dr.  Lindley,  after  enjoining  the  utmost 
caution  m  employing  Fungi,  the  nature  of  which  is  not  per- 
fectly ascertained,  in  consequence  of  the  resemblance  of  the 
poisonous  and  wholesome  species,  adds,  "but  the  greatest  cau- 
tion and  knowledge  will  not  always  avail,  for  certain  species 
which  are  in  general  perfectly  wholesome  sometimes  produce 
very  disastrous  consequences.    A  family  at  Cambridge  a  few 
years  since  suflfered  from  eating  mushrooms;  a  part  of  what 
were  gathered  proved  to  be  a  species  sold  sometimes  in  the 
London  markets,_and  ascertained  by  Mrs.  Hussey,  who  has 
paid  great  attention  to  the  subject,  to  be  most  excellent  for 
food     The  case  perhaps  is  similar  to  that  of  the  prejudicial 
effects  sometimes  experienced  after  eating  mussels,  aiid  may  be 
considered  as  a  mere  exception."  ^ 

,  M.  Desmartine  and  M.  Corne,  of  Bordeaux,  have  proved 
that  a  variety  of  Mushroom  called  poisonous  is  not  necessarily 
poisonous  /or  every  W%,-that  climate  and  soil,  in  fact 
modify  the  nature  of  mushrooms  to  an  extraordinary  exten  ! 
For  example,  the  ATnamta  rubra  of  Lamarck  is  described  bv  aU 
auhors  as  a  vio  ent  poison;  nevertheless  the  inhabitants  of 
Bordeaux  eat  this  fungus  with  impunity,  merely  roastin'  it 

?n  fh.     •  i  K^'^t'       particular  kind  of  mushroom  is  a  luxury 
m  the  neighbourhood  of  Bordeaux.  ^ 
Dr.  Daubeny,  of  Oxford,  says:  "Judging  from  the  present 
state  of  our  knowledge,  it  would  rathef  seem  as  if  pofsonou 
fungi  may  act  as  ferments  when  introduced  into  the  system 

''''''''  ^^-^  fluidstee 

hen-M^"^ 

0^  person  does  not  affect  another;  and  why  certain  nTtionT as 
the  Russians,  either  from  national  want  of  susceptib  Htv  or 
from  habit,  use  as  articles  of  food  several  kinds  of  musS 
which  are  rejected  by  us  as  poisonous.  ^ 
They  also  are  equally  capricious  in  their  oneration  iti,7 
produce  effects  entirely  incommensurate  to  the  Sten^ss  of 
the  quantity  of  them  imbibed.    It  is  not  indeed  necessrv  to 
account  for  this  by  supposing  them  to  act  as  ferments    for  th^ 
property  of  reproduction,  which  we  must  in  any^ase  ascSe  to 
the  poisonous  principles  which  give  rise  to  thp^^  Vffloff    •  J? 
account  for  the  mali'gnity  of  the^rlLlf^^^^^^^^ 
originally  so  insignificant :  but  at  any  rate  tbi  Lf  T  • 
harmony  with  thi  process'which  S  pfee'tr'l^t  Senta- 
centibk  quantity  introduced  into  a  ffiS  sS- 

ent- 
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IMPURE  WATEE  AND  CHOLEEA. 

Dr.  Daubeny,  in  the  paper  just  quoted,  has  observed  that 
among  the  modes  by  which  Cholera  poison  is  disseminated,  one 
of  the  most  frequent  perhaps  is  the  Water  used  for  drinking. 
Pure  water,  so  far  as  we  know,  is  not  capable  of  receiving  or 
generating  the  infectious  principle  of  Cholera ;  but  impure  water  i 
seems  to  be  one  of  the  readiest  means  of  conveying  it  into  thej 
system.    There  is  a  curious  illustration  of  this  fact  in  the  com-- 
parative  exemption  from  Cholera  which  was  enjoyed  by  thee 
parts  of  London  supplied  with  pure  water  during  the  epidemic: 
of  1849. 

It  appears  that  whilst  in  the  district  supplied  with  water  by  thee 
Lambeth,  Chelsea,  and  Southwark  Companies  the  mortaUty  was  1233 
in  10,000,  that  in  the  districts  supplied  by  the  New  River,  East  London, . 
and  Kent  Companies,  was  48;  and  in  those  supplied  by  the  Grand  ; 
Junction  and  Middlesex,  only  15.    Now  the  Lambeth,  Chelsea,  and: 
Southwark  Companies  obtained  their  water  from  the  Thames,  between 
Eattersea  and  Waterloo  Bridge ;  the  New  River,  East  London,  and 
Kent  Companies  from  the  Lea  and  the  Ravensboume  ;  the  Grand  Jimc- 
tion  and  the  West  Middlesex  both  from  the  Thames,  but  the  former  as* 
high  up  as  Kew,  the  latter  at  Barnes. 

Now  mark  the  proportion  of  deaths  during  the  epidemic,  in  the  sixi 
weeks  prior  to  October  7,  1855.  It  is  stated  from  ofl&cial  returns,  thati 
in  the  population  supplied  by  the  Southwark  Company,  the  mortality  .- 
was  85  to  10,000  inhabitants;  in  those  which  obtained  their  water  from- 
the  Kent  Company,  only  19;  whilst  in  the  case  of  those  furnished  byv 
the  Lambeth  Company,  where  the  mortality  in  1849  was  no  less  thann 
123,  it  now  was  only  17.  But  this  comparative  exemption  is  accovmtedd 
for  by  the  circumstance  that,  whereas  in  1849  this  company  was  sup«N 
pUed  from  the  river  at  Lambeth  itself,  it  now  (1855)  draws  its  consiunp-v 
tion  from  the  Thames  at  Thames  Ditton.  No  facts  would  seem  more-e 
conclusive  than  these  with  respect  to  the  unwholesomeness  of  waterc 
obtained  from  a  river  polluted  with  animal  impurities. 

It  is  true  that  Dr.  Hassall,  in  his  microscopic  examination  of  the* 
water  supplied  to  London,  condemns  all  the  water-companies  ahke,  ex-i- 
hibiting  in  his  plates  a  formidable  display  of  animalcules  derived  froma 
every  one  of  them. 

But  the  presence  of  animalcules  does  not  necessarily  render  water  - 
imwholesome ;  and  with  respect  to  the  amount  of  sewage,  or  of  dead 
animal  matter,  there  can  be  no  doubt  that  there  must  be  a  great  dif- 
ference between  water  brought  from  the  Thames  near  London  itself, 
and  from  spots  several  miles  higher  up. 

Disinfection  appears  to  be  a  costly  process  ;  for,  during  the 
season  of  1859,  the  disinfectant  agents  poured  into  the  sewers . 
and  sluices  discharging  themselves  into  the  river  were,  aboutit 
4281  tons  of  chalk-lime,  478  tons  of  chloride  of  lime,  and  56 
tons  of  carbolic  acid,  at  a  cost  of  17,733^. 
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WHAT  HIPPOCRATES  KNEW  OF  MEDICINE. 

HiPFOCRATEs  bom  at  Cos,  B.C.  460,  was  the  first  person  who 
applied  himself  to  the  study  of  physic  as  the  sole  business  of 
^jf*^  obtained  the  title  of  "  the  Father  of  Medi- 

cine.    His  family  followed  the  pursuit  of  medicine  for  near 
three  hundred  years,  and  produced  seven  physicians,  who  are 
supposed  to  have  written  the  numerous  treatises  which  are 
commonly  attributed  to  Hippocrates  alone. 
^  The  principles  of  Hippocrates  were  those  of  rational  empi- 
ricism.* He  did  not  attempt  to  form  his  theories  from  d-prioH 
reasoning  but  from  his  observation  of  the  phenomena  of  nature. 
He  taught  that  the  body  is  composed  of  four  primary  elements 
—fire,  water,  earth,  and  air;  that  these  elements,  variously 
combined,  produce  the  four  cardinal  humours,  and  these  again 
the  difi-ereut  organs  of  the  body.    His  knowledge  of  anatomy 
r'/r^l^n^'^'/'^"'        superstitious  respect  paid  to  the 
dead  by  the  Greeks  preventing  the  dissection  of  the  human 
II  I  A  ^^giyes  such  descriptions  of  the  bones  as  show  that 
he  had  indeed  studied  the  subject,  but  not  acquired  any  very 
accurate  knowledge ;  he  does  not  seem  to  suppose  that  the 
vessels  originate  either  m  the  heart  or  liver.    Under  the  term 
nerves,   he  confounds  all  the  white  tissues  of  the  body  the 
nerves  properly  so  called,  the  tendons,  and  ligaments.  Accord- 
ing to  Hippocrates,  the  brain  is  glandular,  and  secretes  the 

?1S ^T^-  principally  to  the  in! 

ye  t  gation  of  the  remote  causes  of  diseases,  without  much  spe- 
culation on  their  nature.  However,  he  explains  inflammation 
by  the  passage  of  blood  into  those  parts  which  did  nrp^^ 
viously  contain  it.  He  paid  great  attention  to  the  effects  5 
change  of  air,  warmth,  moisture,  food,  upon  its  phenomena 
and  those  of  disease  ;  and  he  recommended  particu£raSk>n 
to  the  constitution  of  the  seasons.  attention 

Among  the  doctrines  of  Hippocrates  is  that  of  Criticce 
Days.^  He  says,  fevers  come  to  their  crises  on  the  same  dayj 

:unctions.  "  siructuie  ot  the  body,  or  reasoning  on  its 

|r«l?'pS-"t  SeSl'p'ASo  S?un^n^[;"^™^^  ^-^^  generally 

^peating,    There  mu's t  be  a  tS  to  Suae  IL ThL/^"    ''''  ''''  ^'^^'^  °^ 
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both  those  which  turn  out  fatally  and  those  which  turn  out 
well.    These  days  are  the  fourth,  the  seventh,  the  eleventlj, 
fourteenth,  seventeenth,  and  twentieth.    The  next  stage  is  of  ' 
thirty-four  days,  the  next  of  forty,  and  the  next  of  sixty. 

Of  the  indications  to  be  drawn  from  the  examination  of  the  ■ 
pulse,  Hippocrates  was  not  aware  ;  and  the  word  spkygmas  is  = 
employed  by  him  to  denote  some  violent  pulsation  only. 

It  is,  however,  upon  the  accuracy  with  which  he  observed 
the  leading  features  of  disease,  and  his  vivid  descriptions  of ' 
them,  that  the  fame  of  Hippocrates  is  principally  and  justly  • 
founded.  Nowhere  is  the  peculiar  power  of  the  Greeks  in  ex-  • 
pressing  their  conceptions  more  strikingly  shown.  These  marked  1 
descriptions  are  extracted  from  his  Prognostica: 

"  If  the  appearance  of  the  patient  be  different  from  usual,  there  is  > 
danger.  If  the  nose  be  sharp,  the  eyes  hollow,  the  temples  collapsed, 
the  ears  cold  and  contracted,  and  the  lobes  inverted,  whilst  the  skin  of 
the  forehead  is  hard,  dry,  and  stretched,  and  the  colour  of  the  face 
pale  or  black  or  livid  or  leaden,  unless  these  appearances  are  produced 
by  watching  or  diarrhoea,  or  under  the  influence  of  malaria,  the  patient  i 
is  near  death.  This  description  has  obtained  the  title  of  Fades  Hip- 
pocraiica." 

Again,  how  well  does  he  recommend  us  to  observe  the  position  of  f 
the  patient  in  bed.  "  If  he  lies  upon  his  side,  with  the  neck  and  arras  ' 
slightly  bent,  and  the  whole  body  in  a  flexible  state,  since  such  is  the  ? 
position  of  health,  it  is  well ;  but  if  he  lies  on  his  back,  with  the  legs  • 
and  arms  extended,  and  still  more  if  he  keeps  sinking  towards  the  bot-  - 
tom  of  the  bed,  or  tosses  his  arms  and  head  into  unusual  positions, 
our  anticipations  must  be  most  unfavourable."  And,  "  if  in  acute  dis-  • 
eases,  the  hands  are  waved  before  the  face,  as  if  seeking  something  in ; 
the  air,  and  brushing  or  picki::^  motes  from  the  walls  or  bed-clothes, 
the  prognosis  must  be  unfavovirable." 

It  is  clear  that  the  idea  on  which  is  founded  the  modem : 
art  of  Auscultation  (observation  of  disease  as  denoted  by  sound) 
had  occurred  to  Hippocrates  upwards  of  2000  years  ago.  "  You. 
will  know  by  this,"  says  he,  "  that  the  chest  contains  water, 
and  not  pus,  if,  on  applying  the  ear  for  a  certain  time  to  thet 
side,  you  hear  a  sound  like  that  of  boiling  vinegar."  Thet 
non-existence  of  dissection  prevented  the  following  out  to  any* 
sure  and  useful  results  this  idea,  which  had  occurred  to  the- 
most  ancient  writer  on  physic.  Accordingly,  the  suggestion  off 
Hippocrates  seems  to  have  attracted  no  attention  for  mauyv 
centuries.  Hooke,  the  mathematician,  not  of  the  medical  : 
profession,  and  who  was  unacquainted  with  the  writings  oft 
Hippocrates,  said  : 

"  There  may  be  a  possibility  of  discovering  the  internal  motions  * 
and  actions  of  bodies  by  the  sound  they  make.    Who  knows  but  that, 
as  in  a  watch,  we  may  hear  the  beating  of  the  balance,  and  the  running?: 
of  the  wheels,  and  the  striking  of  the  hammers,  and  the  gi-ating  of  tbo>- 
teeth,  and  multitudes  of  other  noises,— who  knows,  I  say,  but  that 
may  be  possible  to  discover  the  motions  of  the  iutenial  parts  of  bodief  ' 
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whether  animal,  vegetable,  or  mineral,  by  the  soimds  they  make  ?  that 
one  may  discover  the  works  performed  in  the  several  offices  and  shops 
of  a  man's  body,  and  thereby  discover  what  engine  is  out  of  order, 
what  works  are  going  on  at  several  times  and  lie  still  at  others,  and 

the  like  ?  I  have  been  able  to  hear  very  plainly  the  beating 

of  a  man's  heart ;  the  stopping  of  the  lungs  is  easily  discovered  by  the 
wheezing."* 

Hooke's  prediction  was  realised,  though  not  fully  until  the 
present  century  (1816),  in  the  Stethoscope,  or  chest  explorer, 
of  Laennec  ;  so  that  it  took  nearly  two  thousand  years  to  carry 
out  the  idea  of  Hippocrates.  His  statement  is  in  itself  incor- 
rect ;  but  the  fact  of  his  having  actually  practised  auscultation 
is  no  less  interesting.  • 

Hippocrates  claims  to  have  been  the  first  to  recognise  the 
importance  of  Diet  in  the  treatment  of  disease  which  had  been 
previously  neglected.  In  his  general  practice,  he  employed 
purgatives,  some  very  violent,  as  the  black  and  white  helle- 
bore and  elaterium.  To  relieve  the  head  in  certain  diseases, 
he  used  sternutatories ;  so  that  the  "  eye-snuff"  of  our  day  is  a 
piece  of  antiquity.  In  acute  affections,  when  the  disease  was 
violent,  Hippocrates  employed  bleeding,  and  recommended  that 
blood  should  be  taken  from  as  near  the  affected  part  as  pos- 
sible. This  was  the  origin  of  bleeding  in  pleurisy  from  the 
arm  on  the  side  affected.  He  also  made  use  of  cupping-glasses, 
with  a.nd  without  scarification.  Certain  diuretic  and  sudorific 
medicines  also  entered  into  his  pharmacopoeia ;  and  he  was  not 
ignorant  of  the  virtues  of  the  poppy. 

His  knowledge  of  anatomy  and  physiology,  and  of  the  pro- 
cesses which  go  on  in  the  body  during  health  and  disease,  was 
extremely  deficient ;  but  in  the  accuracy  with  which  he  ob- 
served the  symptoms  of  disease,  and  in  the  fidelity  of  his 
descriptions,  he  has  rarely,  if  ever,  been  surpassed.  In  these 
respects  he  had  reached  a  boundary  which  it  would  have  been 
scarcely  possible  to  pass  but  by  the  vast  body  of  collateral  evi- 
dence which  chemistry,  geology,  and  the  experimental  philo- 
sophy of  our  times,  have  supplied. 

Hippocrates  strongly  advocated  the  use  of  Cold  Bathing  - 
and  Dr.  Sir  John  Floyer,  in  his  curious  Essay,  devotes  an 
c)^^ ,  ^^H''      Hippocrates'  opinion  «  concerning  the  Nature 
of  Cold  Baths,  and  their  Usefulness." 

THE  FIEST  APOTHECAEIES'  HALL. 

Pharmacy  and  chemistry  are  much  indebted  to  the  Arabs 
who,  after  the  fall  of  the  Roman  empire,  discovered  several 

,iorLL'"°I?  comparison  of  Hooke's  may  possibly  have  been 

ilerived  the  popular  notion  of  the  construction  of  watch-works  bein  J  takeS 
rofl,  a  minute  observation  of  the  stnicture  of  the  human  body    The  Chines. 
eEcoKTsEmB"!  being"  dead"  alBo  favours  the  abo^e  associatiou 

I 


146 


Things  not  generally  Known, 


chemical  preparations,  and  introduced  several  new  medicine'  Vi 
still  employed  by  physicians.    They  established  in  the  eight  jt 
century  the  first  public  Apothecaries'  Hall  in  Bagdad.     \\'  V. 
owe  also  to  the  Arabs  the  first  legal  dispensaries,  in  the  uiui 
century.    Whilst  chemistiy  and  pharmacy  were  cultivated  inn 
dustriously  in  the  East,  Europe  was  plunged  in  darkness  an^u 
Ignorance ;  when,  at  length,  a  new  light  was  kindled  by  Couu 
stantme  of  Carthage,  who  established  the  first  regular  phait 
macy  in  Europe,  namely,  in  Salerno.    Ho  caUed  these  estaa 
blishments  stationes,  and  the  dispensing  ch^mhtB  confectionariil 

MEDICAL  EINGS. 

From  very  early  classic  times  we  read  that  doctors  worn 
rings.    Many,  but  not  all,  of  these  were  supposed  to  possess 
hygienic  properties,  resident  either  in  the  metallic  hoop,  o 
the  stone  set  in  it,  or  else  in  some  nostrum  enclosed  in  the  bezil 
Hippocrates  considered  a  ring  as  necessary  to  complete  the  toile 
of  the  man  of  medicine,  and  it  was  probably  supposed  to  b  ^ 
curative  in  its  eflfects.    Antoninus  Musa,  the  physician 
Augustus,  used  to  wear  a  handsome  gold  ring  which  the  Emii 
peror  had  given  him  for  bringing  him  safely  through  a  dangevr 
ous  malady;  and  in  further  acknowledgment  of  his  services^ 
Augustus  ceded  to  the  Roman  doctorate,  through  him,  the  ju 
annuli,  or  power  of  wearing  the  ring,  with  all  its  privileges. 

There  were  two  varieties  of  the  annulus  medicus,  or  rinj  i 
medical — the  one  used  for  surgical  operations,  the  other  adoptei 
by  physicians.    The  surgical  practitioner,  v.-ith  his  cuflFs  turuet 
up,  and  showing  nothing  on  his  hands  but  a  costly  ring,  couk 
approach  without  difficulty,  and  lay  them  lightly  on  the  skii ; 
of  the  most  timid  patient ;  and  then  gently  exploring  his  wny 
could  press  a  spring  against  a  lancet  or  bistouri  cache,  whicii 
darting  forth,  swift  and  pungent  as  a  hornet's  sting,  into  ti:i  < 
vein,  abscess,  or  artery  he  might  design  to  open,  was  as  iu 
stantly  retracted ;  and  while  the  sufferer  was  indulging  in  ex\ 
prcssions  of  indigTiant  surprise,  the  operator  was  holding  : ! 
basin  under  the  wound,  and  patting  the  excited  martyr  on  tin  ; 
back,  congratulating  him  on  his  aduiirable  courage  and  stoi<^ 
indifference  to  pain. 

The  rings  of  physicians,  though  the  functions  assigned  tc 
them  were  more  diversified,  produced  no  such  strikingly  effica. 
cious  effects  as  those  of  their  chirurgical  brethren  ;  still  thcj  ^ 
enjoyed  a  wide  vogue,  and  were  confidently  prescribed  to  th<  i 
sick  in  a  great  variety  of  maladies.    Plain  iron  hoops,  espe 
cifilly  when  scored  with  cabalistic  traceries,  worked,  it  wa: : 
affirmed,  wonderful  cures.    Alexander  Trallianiis  speaks  witl 
great  assurance  of  an  iron  ring  of  his  own  devising,  which  wa; ; 
invaluable  iu  hypochondriasis  from  hepatic  dcrangcuieuis ^ 
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and  generally  for  dyspeptics,  disorders  which  we  new  often 
vainly  seek  to  exorcise  with  blue-pill.  It  was  no  doubt  the 
known  magnetic  capabilities  of  iron  which  first  recommended 
rings  of  this  metal  in  the  treatment  of  diseases,  and  led  the 
physicians  to  employ  iron  rings  magnetised,  as  we  do,  in  hemi- 
envnia  and  brow-agues. 

The  stones  set  in  rings  were  supposed  to  exercise  a  still 
greater  control  over  diseases  than  even  the  iron  hoop,  albeit 
well  magnetised  and  impressed  with  mysterious  characters  or 
symbols.  Thus,  a  dangerous  hemorrhage,  which  neither  seda- 
tives, nor  absorbents,  nor  yet  astringents,  could  control,  would 
cease  (on  the  homoeopathic  principle  of  siviilia  similibus)  as 
soon  as  the  patient  put  on  a  blood- red  cornelian  ring  :  coral, 
which,  in  a  ring,  the  ajicients  prized  much  more  than  the 
moderns,  was,  on  the  authority  of  Metrodorus  and  Zoroaster,  an 
infallible  remedy  for,  as  well  as  antidote  against,  nervousness 
and  causeless  fears  ;  wine-coloured  amethysts  protected  their 
wearers  from  intoxication,  and  all  its  pathological  conse- 
quences ;  hyacinths  secured  sleep  as  infallibly  as  opium  ; 
agates  stood  high  in  the  esteem  of  most  mineralogist  doctors 
for  the  cure  of  the  blindness  amaurosis,  or  gutta  serena  ;  *  and 
laspers  enjoyed  great  fame  for  their  powers  of  discussing  drop- 
sies and  driving  away  feyQra.—Abndgedfrom  Fraser's  Magazine 
1856. 


THE  HEALING  AKT. 

Two  centuries  ago,  the  qualifications  for  the  practice  of  the 
leahng  art  are  shown  by  the  clumsiness  and  cruelty  with  which 
)perations  were  then  performed  ;  so  that  we  must  not  feel  sur- 
n-ise  at  the  low  state  of  medicine  and  surgery.  Sir  William 
^etty  informs  us  that,  even  in  his  time,  the  proportion  of 
leaths  to  cures  in  the  Hospitals  of  St.  Bartholomew  and  St 
homas  was  1  to  7;  during  1741  the  mortality  had  diminished 
0  I  m  10 ;  during  1780,  to  1  in  14 ;  during  1813,  to  1  in  16 ; 
nd  in  1827,  out  of  12,494  patients  under  treatment,  only  259 
lied,  or  ]  in  48  The  Duke  of  Sussex  justly  said,  in  one  of 
lis  addresses  as  President  of  the  Royal  Society  :  "  Such  is  th€ 
■dvantage  which  has  already  been  derived  from  the  improve- 
nent  of  inedical  science,  that,  comparing  the  value  of  life,  as  it 
8  now  calculated,  to  what  it  was  a  hundred  years  ago,  it  has 
bsolutely  doubled."  And  Sir  Astley  Cooper  asserted  that  the 
^iman  frame  was  better  understood  in  his  time  by  students 
nan  it  had  previously  been  by  professors. 

*  Sliltou,  in  the  celebrated  complaint  on  his  BUndness,  says: 
"  So  thick  a  (6rop  serene  hath  quench'd  their  orbs 
Or  dimsufuidon  veiled."  laraduie  Lost,  b.  iii. 
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MATERIALS  OF  A  MAN. 

Dr.  Lankester  has  demonstrated  the  elementary  compositio' 
of  the  human  body,  and  exhibited  in  the  lecture-room  the  ah 
solute  quantities  of  the  elements  contained  in  it,  with  the  ei 
ception  of  four— oxygen,  hydrogen,  nitrogen,  and  Jluoriru 
The  three  first  could  not  be  exhibited  on  account  of  their  bulk, 
the  last  on  account  of  its  rarity. 

A  human  body  weighing  154  lbs.  was  stated  to  contai 
111  lbs.  of  oxygen  gas,  which  would  occupy  about  750  cubi 
feet ;  and  14  lbs.  of  hydrogen  gas,  which  would  occupy  near) 
3000  cubic  feet  of  space  :  the  nitrogen  gas  would  occup 
about  20  cubic  feet.  Amongst  the  other  elements  ther 
were  21  lbs.  of  carbon,  If  lbs.  of  phosphorus,  2  lbs.  of  thii 
metal  calcium,  1  oz.  of  sodium,  100  grains  of  iron,  15 
grains  of  potassium,  10  grains  of  magnesium,  and  1  grain  c 
silicon. 

These  elements,  when  mixed  together  as  they  are  in  thh 
human  body,  were  represented  by  111  lbs.  of  water,  15  Va& 
of  gelatine,  12  lbs.  of  fat,  8  lbs.  of  fibrine  and  albumen,  7  lb* 
of  phosphate  of  lime,  and  a  variety  of  other  salts.  It  ww 
sliown  that  these  substances  are  supplied  to  man  througli  ^ 
the  agency  of  plants,  and  that  it  is  in  the  tissues  of  plants  than  ^ 
the  great  chemical  changes  go  on  which  convert  the  iuorganiai  1; 
elements  into  organic  substances,  fitted  for  the  food  of  man  ' 
and  animals. 


HEAT  OF  MUSCULAR  CONTEACTION. 

Professor  Matteucci,  in  a  letter  to  Mr.  Faraday,  mention>« 
some  new  studies  on  induced  contraction,  or  the  phenomenon) 
of  the  irritation  of  a  nerve  in  contact  with  a  muscle  in  con'ii 
traction.  Experiments  made  on  the  discharge  of  the  torpedi^ 
led  Matteucci  to  establish  the  existence  of  an  electrical  dis 
charge  in  the  act  of  muscular  contraction.  The  geuei-al  con 
elusion  to  be  drawn  from  these  researches  is,  therefore,  tha  i 
the  chemical  action  which  accompanies  muscular  contractioiii 
develops  in  living  bodies,  as  in  the  pile,  or  in  a  steam-enginejN  ^ 
heat,  electricity,  and  vis  viva,  according  to  the  same  mechani- 
cal laws. 
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ANIMAL  HEAT. 

There  is  no  question  amongst  either  chemists  or  physiolo- 
gists in  regard  to  the  general  fact,  that  the  main  source  of 
Animal  Heat  is  the  oxygenation  (by  a  kind  of  combustive  pro- 
cess) of  the  hydro-carbons  contained  in  the  food.  Now  all 
these  hydro-carbons,  such  as  starch,  sugar,  oil,  &c.,  are  either 
directly  or  indirectly  derived  from  the  vegetable  kingdom ; 
and  not  only  a  certain  amount  of  oxygen,  hydrogen,  and  car- 
bon has  been  consumed  in  their  production,  but  also  a  certain 
amount  of  solar  light  and  heat,  which  they  may  thus  be  said  to 
embody.  The  combustive  process  is  not  so  carried  out  in  the 
living  body  as  to  give  forth  light,  save  in  a  few  exceptional 
cases ;  but  it  reproduces  in  the  form  of  heat  all  that  was  em- 
bodied in  the  respiratoiy  food  ;  and  thus  the  warm-blooded 
animal  may  be  said  to  be  continually  restoring  to  the  universe 
that  force  which  the  growing  plant  had  appropriated  to  itself. 
And,  carrying  the  principle  a  little  further,  we  may  say,  that 
in  utilising  the  stores  of  coal  which  have  been  prepared  by  the 
luxuriant  vegetation  of  past  ages,  man  is  not  only  restoring  to 
the  atmosphere  the  carbonic  acid  and  water  of  the  carbonifer- 
ous epoch,  but  is  actually  reproducing  and  applying  to  his  own 
uses  the  light  and  heat  which  its  vegetation  drew  from  the 
solar  beams,  as  if  for  the  very  purpose  of  fixing  them  uutil  he 
should  find  the  means  of  turning  them  to  account. 

Looking  at  this  matter  from  the  stand-point  afforded  by  the 
"correlation"  doctrine,  we  are  led  to  question  whether  the 
project  of  the  Laputan  sage  to  extract  sunbeams  from  cucum- 
bers was  so  very  chimerical  after  all;  while  we  cannot  but  fuel 
an  increased  admiration  of  the  intuitive  sagacity  of  that  re- 
markable man  George  Stephenson,  who  was  often  laughed  at 
for  propounding,  in  a  somewhat  crude  form,  the  very  idea 
which  we  have  just  been  endeavouring  to  present  under  a 
more  philosophical  form.*— JVatioTial  Review,  No.  8. 


BURNING  AND  UNBURNING  OF  THE  HUMAN  BODY. 

^  Wonderful  is  it  to  reflect  that  every  animal  exists  at  first  as  a 
mmute  speck  of  matter  called  a  germ  or  ovum,  of  simplest  form, 
but  in  which  all  the  vital  powers  are  already  present,  under 

*•  IJelieved  to  have  been  first  remarked  by  George  Stephenson,  that  the 
ongnial  source  of  the  power  of  heat  engines  is  the  sun.  whose  beams  furnish  the 
energy  .hat  enabl'is  vegetables  to  decompose  carbonic  acid,  and  so  to  form  a 
store  of  carbon  and  of  it  combustible  compounds,  afterwards  used  as  fuel  The 
combination  of  that  fuel  with  oxygen  in  furnaces  produces  the  state  oif  heat 
which  being  communicated  to  some  fluid,  such  as  water,  causes  it  to  exert  an 
augmented  pressure,  and  occupy  an  increased  volume;  and  these  changes  are 
^I^Ve  °^  mechanism.-Prof.Rankiue'8  J/a/,aaio/«;« 
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the  influence  of  which  new  matter  begins  quickly  to  be  selecte 
and  taken  in  from  around  to  form  the  compound  fluid  calle. 
blood;  and  out  of  this  blood  afterwards  are  gradually  built  u 
all  the  parts  and  organs  of  bone,  muscle,  skin,  hair,  eye,  ea:a 
&c.  which  the  body  in  its  most  perfect  state  possesses  ;  an 
not  _  only  are  the  parts  so  built  up  to  full  size  and  strengt 
during  the  years  of  growth,  but  they  are  receiving  constau 
support  and  repair  (as  a  ship's  crew  may  be  preserved  vigorou 
for  100  years  by  the  constant  exchanging  of  old  men  for  young' 
through  the  long  period  of  middle  age  and  gradual  decline^ 
and,  most  wonderful  of  all,  during  the  middle  term  of  itsexisK 
e;nce  the  body  is  able  to  throw  off  germs  such  as  it  was  origit: 
ally  itself,  to  continue  the  race  through  future  ages. — Arnott.- 

Chemically,  the  human  organism  is  the  continual  subject  c 
pwift  changes  of  its  composition  in  opposite  directions ;  an 
these  changes  have  been  eloquently  termed  by  Dr.  iGeorge  Wil. 
son,  "  the  Burning  and  Unburning  of  the  Human  Body." 

There  is  continual  addition  of  matter  to  the  body,  anii 
continual  withdrawal  of  matter  from  it ;  but  apart  from  thifii 
and  within  the  ring-fence  of  its  own  organism,  a  process  c 
combustion  and  one  the  very  reverse  are  going  on  togethei- 
Here  one  tissue  is  burning  like  fuel,  and  there  another  is  be 
coming  the  depository  of  combustible  matter.    We  have  as  i 
were  millions  of  microscopic  wind-furnaces,  converting  int 
carbonic-acid  gas,  water-vapour,  and  other  products  of  com 
bustion,  all  the  combustible  elements  of  the  body ;  and  mil . 
lions  of  blast-furnaces  reducing  the  starch  and  sugar  of  th( 
food,  and  the  sulphates  and  phosphates  of  the  body,  into  in; 
flammable  oils  and  other  fuels,  which  are  finally  transferred  t(t 
the  wind-furnaces,  and  burned  there.    Burning,  and  what  w««i 
must  call  in  contradistinction  unburning,  thus  proceed  tooBl'ii 
gether ;  the  flame  of  life,  like  a  blowpipe-flame,  exhibiting  aw 
oxidising  and  a  reducing  action  at  points  not  far  distant  froDM 
each  other. 

CIRCULATION  OF  MAN  AND  THE  WHALE  COMPAKED 

Those  who  have  not  considered  the  subject  must  be  sui 
prised  at  the  quantity  of  blood  which  is  propelled  through  tb 
heart  of  any  moderately-sized  animal  in  the  course  of  twenty'^ 
four  hours.  In  man  tlie  quantity  of  blood  existing  in  the  bony 
at  any  given  moment  is  probably  from  thirty  to  forty  pints. 
Of  these  an  ounce  and  a  half,  or  about  three  tablespoonfuls, 
are  sent  out  at  every  stroke,  which,  multiplied  into  seventy- 
five  (the  average  rate  of  the  pulse),  gives  1125  ounces,  or  seven 
pints  in  a  minute;  i.  e.  429  pints,  or  nearly  54  gallons  in  an  hour, 
and  1260  gallons,  i.e.  nearly  twenty-four  hogsheads,  in  a  day. 
Kow,  if  we  recollect  that  the  whale  is  said  to  send  out  from 
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his  heart  at  each  stroke  fifteen  gallons,  the  imagination  is  over- 
whelmed with  the  aggregate  of  the  quantity  that  must  pass 
through  the  heart  of  that  Leviathan  of  the  deep  in  twenty-four 
hours.  It  is  a  general  law  that  the  pulse  of  the  lai-ger  animals 
is  slower  than  that  of  the  smaller ;  but  even  if  we  put  the 
pulse  of  the  whale  as  low  as  twenty  in  a  minute,  the  quantity 
circulated  through  the  heart,  calculated  at  fifteen  gallons  for 
each  pulsation,  will  be  432,000  gallons,  nearly  equal  to  7000 
hogsheads,  in  twenty-four  hours. 

The  consideration  of  this  amazing  quantity  is,  however,  a 
subject  of  mere  empty  wonder,  if  not  accompanied  with  the 
i  reflection  that,  in  order  to  produce  the  aggregate  amount,  the 
heart  is  kept  in  constant  motion  ;  and  that,  in  fact,  it  is  inces- 
santly beating,  as  it  is  termed,  or  throwing  out  the  blood  in 
the  arteries,  from  the  first  period  of  our  existence  to  the  mo- 
ment of  our  death,  without  any  sensation  of  fatigue  or  even 
without  our  being  conscious  of  the  process,  except  it  be  inter- 
rupted by  corporeal  or  mental  agitation. 

TEANSFUSION  OF  BLOOD. 

In  November  1667,  the  remarkable  experiment  of  Trans- 
fusing the  Blood  of  a  sheep  into  a  man  was  performed  for  the 
first  time  in  England  before  the  Royal  Society,  at  Arundel 
House,  Strand.  The  subject  was  a  poor  student  named  Arthur 
Coga,  who  offered  himself  for  a  guinea,  which  was  accepted. 
The  experiment  was  performed  chiefly  by  Dr.  King,  in  his  arm 
with  such  dexterity  and  ease  that  Coga  did  not  wince  or  make 
the  least  complaint,  and  "found  himself  very  well  upon  it." 
After  the  operation,  he  drank  a  glass  or  two  of  canary,  and  took 
a  pipe  of  tobacco,  in  the  presence  of  forty  or  more  persons.  He 
then  went  home,  and  continued  well.  "The  experiment  was  re- 
peated in  about  three  weeks,  when  eight  ounces  of  blood'were 
taken  from  Coga,  and  about  fourteen  ounces  of  sheep's  blood 
injected  with  equal  success.  This  gave  rise  to  the  notion  that 
by  tiansfusion  might  be  realised  the  alchemical  reveries  of  an 
elij^ir  of  life  and  xmmoHality.  Some  experiments  of  trans- 
fusion were  next  made  upon  the  Continent ;  but  at  length  a 
lunatic  in  Paris  died  under  the  second  operation,  which  led 
to  the  immediate  abolition  of  the  process. 

This  very  interesting  inquiry  has,  however,  been  resumed 
by  the  physiologists  of  the  present  age,  with  the  many  aids  of 
the  advanced  state  of  science.  Thus,  recently  Dr.  Brown-S6- 
quard  has  presented  to  the  French  Academy  of  Sciences  a 
paper,  m  which  he  endeavours  to  prove  the  two  following  nro- 
positions  :  &  f  " 

p«„3^V  firterial  or  venous  blood,  from  an  animal  of  any  one  of  the 
four  classes  veitebrata,  containing  oxygen  in  sufficient  ciuJntity  to  be 
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scarlet,  may  be  injected  without  danger  into  the  veins  of  a  vertebrated 
animal  of  any  one  of  the  four  classes,  provided  that  the  amount  of  in- 
jected blood  be  not  too  considerable.  2d.  Arterial  or  venous  blood  of 
any  vertebrated  animal,  being  sufficiently  rich  in  carbonic  acid  to  be 
almost  black  (noirdire),  cannot  be  injected  in  the  veins  of  a  warm- 
blooded animal  without  producing  phenomena  of  asphyxia,  and  most 
frequently  death,  after  violent  convulsions,  provided  that  the  quantity 
of  injected  blood  be  not  below  one  five-hundredth  weight  of  the  animal 
and  also  that  the  injection  be  made  not  too  slowly.  ' 

Dr.  Brown-Sequard  states  that  he  has  tranfused  into  the 
jugular  vein  of  dogs,  without  any  ill  effect,  blood  of  rabbits, 
guinea-pigs,  cats,  cocks,  hens,  pigeons,  ducks,  turtles,  and 
tortoises,  frogs,  and  eels.  In  rabbits  and  birds  he  has  also 
transfused  blood  of  other  animals  without  any  marked  bad 
effect.  He  attributes  chiefly  to  carbonic  acid  the  phenomena 
which  had  been  considered  as  due  to  differences  in  the  blood  of 
various  species. 

In  many  communications  to  the  Society  de  Biologie,  thee 
same  physiologist  has  related  facts  to  prove  that  in  the  experi-  - 
ments  of  Blundell,  of  Dieffenbach,  and  of  Prevost  and  Dumas, . 
there  were  many  causes  of  failure  unknown  to  these  experi-  ■ 
menters  which  have  prevented  them  from  reestablishing  life 
permanently  in  dogs  bled  to  death,  and  transfused  with  blood ! 
from  animals  of  another  species.  These  causes  of  failure  were  a 
— 1st,  that  too  much  blood  was  transfused  at  once;  2d,  thatt 
the  blood  was  not  fresh ;  3d,  that  it  did  not  contain  oxygen  i 
enough,  and  contained  too  much  carbonic  acid. 

Dr.  Brown-Sequard  has  ascertained  that  even  the  blood  of  f 
birds,  defibrinated  and  rich  in  oxygen,  has  been  able  to  re-  - 
establish  full  and  durable  life  in  dogs  weighing  from  15lbs.  to 
20lbs.,  and  having  lost  more  than  16  ozs.  of  arterial  blood,  i.  e. 
more  blood  than  the  dogs  of  Blundell  had  lost.  From  30  to  . 
48  grammes  of  bird's  blood  (1  oz.  to  oz.)  have  been  sufEcient : 
in  many  cases  to  restore  full  life. 

IKON  IN  THE  BLOOD. 

Among  the  organismal  metals.  Iron  is  par  excellence  the  ^ 
metal,  as  certainly  it  is  by  the  testimony  of  ages,  industrially 
the  most  excellent  of  them  all.  All  countries  have  honoured 
the  smith ;  and  he  would  wonder  more  than  he  does  at  his  own 
skill,  if  he  realised  that  the  iron  which  he  hammers  is  ham- 
mered not  merely  by  iron  in  his  hand,  but  also  by  iron  in  his 
blood.  Yet  the  function  of  this  iron  is  so  little  known  that, 
though  statists  have  calculated  how  many  railways  might  be 
made  out  of  the  blood-iron  of  a  generation  of  mankind,  the 
most  acute  and  accomplished  chemists  tell  us,  to  take  the  words 
of  one,  that  "  we  are  unfortunately  perfectly  ignorant  regard- 
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ing  the  special  uses  of  iron  in  the  animal  economy."  And  we 
have  to  turn  to  a  poet  to  find  the  reason  why  it  is  so  useful. 
Alfred  Tennyson,  in  his  Princess,  makes  the  father  of  his 
heroine  exclaim,  when  his  stately  daughter  shows  no  signs  of 
relenting  towards  the  wounded  prince, 

"  I've  heard  that  there  is  iron  in  the  blood. 
And  I  believe  it. " 

Except  nickel  and  cobalt,  iron  is  the  only  decidedly  mag- 
netic metal ;  and  it  is  more  magnetic  than  they.    It  must 
influence  the  body  in  virtue  of  its  magnetism  in  a  way  no 
non-magnetic  metal  could,  and  its  magnetic  condition  must 
be  continually  altering.     The  patients  of  Reichenbach  may 
sometimes  have  deceived  themselves  or  him,  or  both,  when 
they  declared  that  their  sensations  were  different  accordin<^  as 
they  lay  along  or  across  the  magnetic  meridian  ;  but  it  is  cer- 
tain that  the  iron  m  our  bodies  must  be  in  a  different  magnetic 
condition  in  the  opposite  positions,  and  it  is  reasonable  to 
suppose  that  some  persons  may  be  sensitive  enough  to  appre- 
ciate the  difference.    At  all  events,  the  observations  of  Faraday 
on  the  magnetic  condition  of  flesh  and  of  living  animals  demon- 
strate that  the  organismal  iron  is  maqnetically  active.  We 
know  also  that  magnetism  cannot  be  developed  without  a 
simultaneous  development  of  electricity  ;  so  that  magnetic 
changes  in  the  ferruginous  blood  and  flesh  must  be  accompanied 
by  electrical  changes.     Electricity  also  invariably  develops 
magnetism  and  we  know  that  electrical  currents  are  constantly 
traversmg  the  muscles  and  other  organs.    Such  currents  will 
leact  on  the  magnetic  masses  in  their  neighbourhood,  and  be 
reacted  on  by  them,  with  a  corresponding  exaltatioA  of  the 
intensity  alike  of  the  electricity  and  the  ma|netism.  Further 
the  pecuhar  force  or  polarity  which  acts  along  the  nervea 
resembles  m  many  respects  electrical  and  magnetic  force  It 
18  probable  that  all  three  forces  or  polarities  powerfully  iXence 
each  other  and  that  the  magnetisable  iron  of  the  body  is  con! 
tmually  taking  part  in  such  reciprocal  actions.    If,  moreover 
the  iron  in  the  blood-vessels,  as  has  been  suggested  becZes 

other  .^o,.^^t^^f^Z^l 

SERVICES  OF  PHOSPHOEUS  TO  THE  HUMAN  BODY. 

Rho^i'^r- ^^""'^     P^°^Phorus  to  the  human  organism  is 
shown  by  its  invariable  presence  in  it  •  as  in  thp  1.0,.^^  !  ^ 
a.d  the  most  pulpy  ^erve";  in  one  fo™  or  raSer  erie  tf  fo  °T 
^  the  blood,  m  another  series  in  tho'flesh-juLes!ira  thwS 
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the  milk,  in  a  fourth  in  the  brain,  and  probably  in  other  modi- 
lip.  fications  elsewhere  in  the  organism,  and  associated  with  all  its 

ij  •  critical  changes. 

i'':*  Limiting  our  attentions  to  the  well-known  modifications  of 

^1  phosphoric  acid,  we  may  sketch  in  outline  how  they  may  render 

i|  ;■  service  to  the  body. 

A  child  is  beginning  to  walk,  and  the  bones  of  its  limbs 
must  be  strengthened  and  hardened.  Phosphoric  acid  accord- 
ingly carries  with  it  three  units  of  lime  to  them,  and  renders 
them  solid  and  firm.  But  the  bones  of  its  skull  must  remain 
comparatively  soft  and  yielding,  for  it  has  many  a  fall ;  and  the 
more  elastic  those  bones  are,  the  less  will  it  suffer  when  its 
head  strikes  a  hard  object,  so  that  in  them  we  may  suppose  the 
phosphoric  acid  to  retain  but  two  units  of  lime,  and  to  form 
a  softer,  less  consistent  solid.  And  the  cartilages  of  the  ribs 
must  be  still  more  supple  and  elastic,  so  that  in  them  the  phos- 
phoric acid  may  be  supposed  to  be  combined  with  but  one  unit 
of  base,  as  the  uncrystalline,  gelatinous  metaphosphate.*  On 
the  other  hand,  its  teeth  must  be  harder  than  its  hardest  bones, 
and  a  new  demand  is  made  on  the  lime-phosphates  to  associate 
themselves  with  other  lime-salts  (especially  fluoride  of  calcium), 
to  form  the  cutting  edges  and  grinding  faces  of  the  incisors 
and  molars.  All  the  while  also  the  blood  must  be  kept  alka- 
line, that  oxidation  of  the  tissues  may  be  promoted  and  albu- 
men retained  in  solution ;  and  yet  it  must  not  be  too  alkaline,' 
or  tissues  and  albumen  will  both  be  destroyed,  and  the  carbonic 
acid  developed  at  the  systemic  capillaries  will  not  be  exchanged 
for  oxygen,  when  the  blood  is  exposed  to  that  gas  at  the  lungs. 
80  phosphoric  acid  provides  a  salt  containing  two  units  of  soda 
and  one  of  water,  which  is  sufficiently  alkaline  to  promote 
oxidation,  dissolve  albumen,  and  absorb  carbonic  acid;  and 
yet  holds  the  latter  so  loosely,  that  it  instantly  exchanges  it 
for  oxygen,  when  it  encounters  that  gas  in  the  pulmonary  ca- 
pillaries. Again,  the  flesh-juice  must  be  kept  acid  (perhaps,  as 
suggested,  in  electro-polar  opposition  to  the  alkalinity  of  the 
blood,  as  affecting  the  transmission  of  the  electrical  currents 
which  are  now  known  to  traverse  the  tissues) ;  and  phosphoric 
acid  provides  a  salt,  containing  two  units  of  water  and  one  of 
potash,  which  secures  the  requisite  acidity.  Further,  in  some 
of  the  serous  and  other  liquids  of  the  body,  a  changeable  salt 
is  requu-ed;  and  for  this  phosphoric  acid  provides,  by  com- 

*  Von  Bibra  has  made  the  beautiful  observation  that  those  bones  which  are 
the  most  exposed  to  niechiinical  influences  contain  the  lartrest  quantity  of  earthy 
constituents  (chiefly  phosphate  of  lime).  The  action  of  this  law  is  manifested 
even  in  different  families  of  the  same  class  of  animals;  thus,  for  instance,  in 
the  rasores  or  scraping  birds,  the  femur  contains  the  largest  quantity  of  phos- 
phate oflime;  In  the  grallatores,  orwadors.  the  tibia;  and  in  all  other  birds  the 
humerus. — Lehmann's  Physiological  Ohemiitry,  Cavendish  Soc  Trans,  vol.  i. 
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bining  with  soda,  ammonia,  and  water,  to  produce  microcosmic 
salt,  which  is  alkaline  in  its  integrity,  but  by  parting  with  the 
easily-lost  volatile  ammonia  becomes  alkaline.* 


FOEMATION  OF  BONE. 

Dr.  Roget  has  justly  and  beautifully  said  that,  as  sculptors, 
before  working  upon  the  marble,  first  execute  a  model  of  a 
coarser  and  more  plastic  material,  so  the  first  business  of  the 
arteries  is  to  prepare  a  model  of  the  future  bone,  constructed, 
not  with  the  same  material  of  which  it  is  afterwards  to  consist, 
but  with  another  of  a  simpler  and  softer  nature,  namely  car- 
tilage. In  proportion  as  the  fabric  is  enlarged,  the  necessity 
for  mechanical  support  increases,  and  stronger  provision  must 
be  made  for  resistance  to  external  violence.  The  removal  of 
the  cartilage  may  be  compared  to  the  taking  down  of  the  scaf- 
folding which  had  been  erected  for  the  intended  building.  But 
this  sca,flFolding  is  not  taken  down  at  once;  each  part  is  carried 
away  piece  by  piece,  as  the  operation  of  fixing  in  their  position 
the  beams  and  pillars  of  the  edifice  proceeds.  The  way  is  cleared 
at  first  by  the  absorption  of  the  central  part  of  the  cartilage, 
and  a  few  particles  of  ossific  matter  are  deposited  in  its  room. 
The  arteries  then  enlarge,  and  deposit  granules  of  calcareous 
phosphate,  which  are  laid  down,  particle  by  particle,  in  regular 
lines,  so  as  to  form  continuous  fibres,  which  being  crossed  and 
connected,  unite  from  difi'erent  centres,  not  indiscriminately, 
but  by  definite  laws.  Each  distinct  bone  is  formed  from  a 
certain  number  of  ossific  centres,  which  unite  as  if  by  a  natural 
affinity  appertaining  to  that  bone  only,  and  not  extendhig  to 
the  adjacent  bones. 

^s"''*?"  Wilson  {Edinburgh  Essays.  1856),  from  whose  striking  paper  on 
Chemical  Final  Causes"  the  above  is  quoted,— from  his  own  results,  and  those 
of  others  in  the  course  of  agricultural  analyses  of  bone-Cixrth,  cannot  avoid  in- 
ferring that  several  phosphates  of  lime  exist  in  bones,  although  m  the  ash  ot 
the  latter  the  nature  of  these  salts,  as  they  occurred  in  tlie  living  orgauisni 
cannot  be  ascertained.  Dr.  Wilson  has  accordingly  felt  at  liberty  to  assume  as 
possible  the  pliosphates  referred  to  in  the  text  as  existing  in  the  child's  skull 
and  nbs. 

fi.  f  *  P^'i""^^'  moreover,. in  the  life  of  the  body,  the  liquid  albumen  and 
tbrin  of  the  blood  are  becoming  solid  albumen  and  fibrin  in  the  tissues.  Both 
are  becoming,  in  the  nursing  mother,  the  casein  of  her  milk,  and  that  casein  in 
her  suck  ing's  body  is  becoming  the  albumen  and  librin  of  its  flesh  and  blood, 
and  building  up  its  organs  in  other  -n-ays. 

>,„,?'*°''  ,°K  "'e^«J?l°o'i-fo';ining.. flesh-forming,  milk-forming,  tissue-forming 
bodies,  albumen,  fibrin  and  casein,  and  likewise  their  analogue  gelatine,  are 
inseparably  accompanied  by  all  their  liquefactions,  solidifications,  and  transmu- 
tations, by  phosphates  which,  in  virtue  of  their  mobility,  are  able  to  liquefy, 
so  idify,  and  undergo  transmutation  as  the  body  which  they  accompany  does 

the  ^?  "^^"""^  ^'^P-        ^^'^^  occur  within 

r\t\^^  r^^^ll^     °>  *  '''••"cture;  but  certain  it  is  that  the  plios- 

submU  t  ^'^^"^'^^^^^  ^  changes  which  no  other  salts  we  know  could 
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THE  USE  OF  SALIVA. 

Dr.  Bence  Jones  considers  "the  action  of  Saliva  upon  the 
starch  we  take  as  food  is  similar  to  that  of  a  ferment,  and 
causes  it  to  undergo  a  change  into  sugar.  If  you  take  a  portion 
of  pure  starch,  and  hold  it  in  the  mouth  for  only  two  minutes, 
you  can  obtain  distinct  and  decided  traces  of  sugar.  If  you 
take  a  solution  of  starch  not  treated  with  saliva,  and  employ 
the  test  for  sugar  (sulphate  of  copper  and  liquor  potassse),  you 
have  no  reduction  of  the  oxide  of  copper;  but  in  the  other 
mixture  of  starch  and  water,  which  has  been  held  in  the  mouth 
for  two  minutes  only,  you  may  see  distinctly  a  beautiful  red 
line  of  reduced  copper,  the  evidence  of  the  presence  of  sugar. 
If  the  starch  is  left  in  the  mouth  for  three  minutes,  a  still 
more  manifest  action  is  apparent  j  and  if  it  remains  there  five 
minutes,  there  is  a  distinct  mass  of  reduced  copper,  which  is 
proportioned  to  the  quantity  of  sugar  formed  out  of  the  starch." 

THE  DIGESTIVE  PROCESS. 

The  solution  of  the  food  by  the  gastric  juice  is  a  chemi- 
cal operation,  and  the  gastric  juice  is  a  chemical  agent,  the 
exact  nature  of  which  is  clearly  ascertained.  Spallauzani  dis- 
covered this  juice  to  be  of  an  acid  nature,  and  Dr.  Prout 
proved  this  acid  to  be  the  muriatic.  If  meat  and  gastric  juice 
be  enclosed  in  a  glass  tube,  and  kept  at  the  temperature  of  the 
human  body,  a  product  is  obtained  closely  resembling  the  fluid 
formed  by  the  solution  of  the  food  in  the  stomach.  If  meat 
be  enclosed  in  a  glass  tube  with  dilute  muriatic  acid,  and  kept 
at  the  temperature  of  the  blood,  a  perfectly  similar  product  is 
obtained. 

The  muriatic  acid  constituting  the  essential  ingredient  of 
the  gastric  juice  is  conceived  to  be  derived  by  an  act  of  secre- 
tion from  common  salt  (muriate  of  soda),  contained  in  the 
blood.  The  alkali,  the  base  of  the  salt,  is  retained  in  the  blood 
to  maintain  the  alkaline  condition  essential  to  its  healthy  con- 
stitution ;  while  the  acid  is  liberated,  and  poured,  in  the  form 
of  gastric  juice,  into  the  stomach,  to  accomplish  the  solution 
of  the  food. 

A  remarkable  opportunity  of  observing  the  process  of  di- 
gestion actually  in  progress  in  the  human  stomach  presented 
itself,  many  years  since,  to  Dr.  Beaumont,  of  the  United  States, 
by  examining  and  experimenting  upon  one  St.  Martin,  a  Cana- 
dian, with  an  orifice  in  his  stomach,  occasioned  by  a  gun-shot 
wound  at  an  early  period  of  his  life,  and  which  never  healed, 
although  the  surrounding  parts  cicatrised  readily. 

Dr.  Beaumont  found  the  inner  coat  of  the  stomach  to  be  of  a 
light  or  pale  pink  colour,  varying  in  its  hues  according  as  it 
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was  full  or  empty.    It  had  a  soft  or  velvet-like  appearance, 
aud  was  constantly  covered  with  a  thin,  transparent,  viscid 
mucus,  secreted  from  small  oval-shaped  glandular  bodies  be- 
neath the  mucous  coat.    When  aliment  or  other  irritants 
were  applied  to  the  inner  coat  of  the  stomach,  there  were  seen, 
with  a  magnifying-glass,  innumerable  minute  lucid  points,  and 
very  fine  nervous  and  vascular  papillae  arising  from  the  vil- 
lous membrane,  and  protruding  through  the  mucous  coat,  and 
from  which  distilled  a  pure,  limpid,  colourless,  and  slightly 
viscid  fluid.    This  fluid  is  always  distinctly  acid,  and  is  the 
gastric  juice  which  converts  the  food  into  chyme.    Dr.  Beau- 
jnont  regards,  with  much  probability,  the  sensation  of  hunger 
as  occasioned  by  a  distension  or  repletion  of  the  gastric  vessels, 
which  cannot  discharge  their  contents  till  the  stomach  is  irri- 
tated with  food.    When  the  food  was  placed  in  the  gastric 
juice  taken  out  of  the  stomach,  the  same  chemical  result  was 
obtained,  it  being  kept  at  the  temperature  of  100°  Fahren- 
heit, which  Dr.  Beaumont  found  to  be  that  of  the  stomach. 
This  artificial  digestion,  however,  occupied  a  period  two  or 
three  times  longer  than  when  the  gastric  juice  acted  upon  the 
same  materials  in  the  stomach. 

Dr.  Beaumont  has  published  the  times  in  which  various 
articles  of  food  are  digested.  A  full  meal  of  various  articles  of 
food  was  digested  in  from  three  hours  to  three  hours  and 
a  half;  but  when  the  stomach  was  diseased,  or  affected  by 
narcotics,  or  when  the  mind  was  agitated  by  anger,  or  other 
strong  emotions,  or  when  the  food  was  taken  in  large  masses, 
the  time  of  digestion  was  prolonged  ;  while,  on  the  contrary 
It  was  shortened  when  the  food  had  been  minutely  divided  and 
mingled  with  saliva,  and  when  the  temperature  of  the  stomach 
was  raised.  The  following  is  the  time  required  for  the  chymi- 
fication  of  various  food,  as  determined  by  Dr.  Beaumont : 


Venison- steak,  broiled  .  .  1  35 
Sucking-pig,  rocosted  .  .  2  30 
Lamb,  fresh,  boiled  .  .  .  2  30 
Beef-steak,  boiled  ...30 
Mutton,  fresh,  boiled  ..30 
Pork-steak,  boiled  .  .  .  3  15 
Veal,  fresh,  boiled  ...  4  0 
Beef,  old,  hard,  salted,  boiled  4  15 
Tripe,  soused,  boiled  ..10 
Brains,  animal,  boiled  .  ,  1  45 
Liver  of  the  ox,  fresh,  boiled  2  0 
Eggs,  whipped,  raw  .  .  1  30 
Eggs,  fresh,  raw  .  .  ..20 
Eggs,  fresh,  roasted  .  .  2  16 
Eggs,  freeh,  soft  boiled  or 


Eggs,  fresh,  hard  boiled 


E.  M. 


or  fried  3  30 

Trout  (salmon),  fresh,  boil- 


Cod-fish,  cured,  dry,  boiled  2  0 
Floundere,  fresh,  fried  .  .  3  30 
Salmon,  salted,  boiled  ..40 
Oysters,  fresh,  raw  .  .  .  2  55 
Oysters,  fresh,  roasted  ,  3  15 
Oysters,  fresh,  stewed  .    .    3  30 

Oj-ster-soup  3  30 

Butter,  melted  ....  3  30 
Mutton-suet,  boiled  .  .  4  30 
Beef-suet,  fresh,  boiled  .  5  60 
Cheese,  old,  strong,  raw  .  3  30 
Calf 's-foot  jelly,  boiled     .    1  0 


1  30 


158 


Tilings  not  generally  Known. 


Isin,£r]as3  jelly,  boiled  ..10 
Gelatine,  boiled  ....  2  30 
Tendon,  boiled  .  .  .  .  5  50 
Tui-koy,  boiled  .  ...  2  25 
Turlcey,  roasted  .  .  ,  2  30 
Geese,  wild,  roasted  .  .  2  30 
Chicken,  full-grown,  fricas- 
seed   2  45 


Fowls,  boiled  or  roasted  .  4  0 

Duck,  roasted   4  0 

Rice,  boiled  .....10 

Cake,  sponfre   2  30 

Custard,  boiled    .    .    .    .  2  45 

Dumplingr,  apple,  boiled    .  3  0 

Bread,  wheat,  new  ...  3  30 


St.  Martin  was  still  living,  in  1858,  when  Dr.  F.  S.  Smith, 
of  Pennsylvania  College,  made  certain  experiments  with  a  view 
of  settling  some  undetermined  questions  relating  to  the  phy- 
siological action  of  the  stomach,  particularly  that  of  the  nature 
of  the  acid  contained  in  the  gastric  juice  ;  the  analyses  being 
made  upon  the  fluids  obtained  from  the  Canadian's  stomach 
while  digestion  was  in  progress. 

In  every  instance,  and  with  all  kinds  of  food  employed,  the 
reaction  of  the  fluid  of  digestion  was  distinctly  acid  to  litmus- 
paper  ;  while  that  of  the  empty  stomach  (as  shown  by  the  in- 
troduction of  test-papers  through  the  orifice),  and  of  the  fluid 
obtained  by  mechanical  irritation,  was  as  distinctly  neutral. 
The  temperature  of  the  stomach  while  digestion  was  in  pro- 
gress was  about  100°  Fahrenheit;  when  empty,  about  98°. 
The  general  conclusions,  from  a  number  of  experiments,  are  : 

1.  That  the  secretions  of  the  stomach,  when  digesting,  are  invari- 
ably acid.  2.  That  the  acid  reaction  was  not  due  to  the  presence  of 
phosphoric  acid.  3.  That  if  hydrochloric  (muriatic)  acid  was  pre.'sent, 
it  was  in  very  small  quantities.   4.  That  the  main  agent  in  producing 

the  characteristic  reaction  was  lactic  acid. 

  *" 

Dr.  Harley,  in  a  paper  read  to  the  British  Association  at 
Leeds  in  1858,  considei'S  that  the  gastric  juice  does  not  de- 
stroy the  power  possessed  by  the  saliva  of  transforming  starch 
into  sugar ;  consequently  the  digestion  of  amylaceous  food  is 
continued  in  the  stomach.  The  gastric  juice  has  also  the  pro- 
perty of  changing  cane  into  grape  sugar. 

From  experiments  it  has  been  found  that  the  gastric  juice 
is  prevented  from  digesting  the  living  stomach  by  the  coating  of 
mucus  which  covers  its  walls.  Wherever  this  mucus  is  absent, 
the  gastric  juice  attacks  the  walls  of  the  living  stomaph,  and 
dissolves  them,  causing  perforations  and  death.  As  regards  the 
bile,  it  seems  that  this  secretion  takes  an  active  part  in  render- 
ing the  fatty  matters  of  our  food  capable  of  being  absorbed 
into  the  system. 

The  most  curious  of  all  the  digestive  fluids,  however,  is  the 
pancreatic  secretion,  for  it  unites  in  itself  the  properties  of  all 
the  others.  It  not  only  transforms  starch  and  other  substances 
into  sugar,  but  it  emulsions  fat  and  even  digests  protein  com- 
pounds.   As  a  remedy  in  indigestion,  pancreati7i€  should  be 
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greatly  superior  to  pepsin,  which  cau  only  digest  one  kind  of 
food,  namely  protein.  With  pancreatine  we  should  be  able  to 
digest  any  kind  of  food  ;  and  when  obtained  in  a  state  of 
purity,  it  must  prove  an  invaluable  boon  to  suffering  humanity. 

When  pepsin  is  introduced  into  the  stomach,  at  the  time  oi 
taking  food,  the  operations  of  nature  will  be  facilitated.*  Now 
pepsin  has  been  prepared  from  the  rennet-bags  used  in  making 
cheese.     It  is  a  syrupy  solution,  which,  being  mixed  with 
starch  and  dried,  forms  a  grayish  powder,  and  is  either  used 
by  itself  or  mixed  with  reagents  which  do  not  affect  its  diges- 
tive properties.    Thus  prepared,  pepsin  can  be  taken  either  in 
water  or  between  slices  of  bread ;  and  according  to  Dr.  Ballard, 
who  has  introduced  it  into  London  practice,  it  is  capable  of 
replenishing  the  gastric  juice  of  the  human  body.    Amono-  the 
cases  recorded  by  Dr.  Ballard  is  that  of  a  lady,  sixty-six  years 
of  age,  who  for  four  years  had  suffered  great  pain  for  three  or 
four  hours  after  every  meal.    The  natural  consequences  were 
excessive  prostration  and  complete  disgust  for  food ;  and  she 
had  for  many  weeks  limited  hei-self  to  four  rusks  and  a  little 
milk  and  beef-tea  per  diem.    The  first  day  pepsin  was  used  $he 
ate  and  enjoyed  a  mutton-chop  ;  in  a  few  days  she  ate  freely 
and  gradually  improved ;  and  at  length  was  able  to  give  up  the 
pepsin  entirely,  to  eat  without  pain,  and  to  walk  some  miles 
without  fatigue. 

THE  LAW  OF  MORTALITY. 

If  we  relied  upon  our  reason  alone  (says  Mr.  A.  Smee),  we 
should  be  led  to  suppose  that  a  mechanism  which  had 'the 
power  of  self-repair,  and  which  had  the  power  of  self  feeding 
would  last  for  ever ;  for  we  should  fail  to  perceive  by  wh^t 
means  it  could  possibly  stop.  With  respect  to  the  mechanism 
oi  animals,  including  man  himself,  of  the  largest  communities, 
one  after  another  succumbs  to  death  ;  for  of  children  bcru 
certainly  not  more  than  one  in  ten  thousand  lives  to  a  hun- 
dred ;  and  of  those  who  attain  to  the  advanced  age  of  a  cen- 
tury as  certainly  not  more  than  one  in  twenty  thousand  has 
his  l.fe  prolonged  to  150  :  consequently,  not  more  than  one 
cniJd  out  of  twenty  milhons  hves  to  the  latter  age. 

By  Gompertz's  law  of  mortality,  the  sum  of  ail  the  people 
who  have  as  yet  lived  upon  the  earth,  does  not  warrant  the 
expectation  of  an  individual  attaining  the  greatest  age  which 
iiistory  actually  reveals  as  having  been  reached  ;  hence  mathe- 
inatical  reasoning  upon  increasing  numbers  might  lead  us  to 
iiifer  that  man  is  really  immortal,  and  death  but  accidental. 
10  medical  science,  however,  death  appears  as  inevitable  as 
growth  ;  and  as  the  child  is  developed  from  the  boy  and  gim?' 
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to  the  man,  so  the  man  in  his  turn  as  certainly  retrogrades  to 
senility  and  death.    We  may  assume  that  weave  bom  with  !i, 
the  seeds  of  death,  and  that  death  is  as  natural  to  man  as  his-  :i 
growth  and  development.    I  have  watched  with  intensity  of; 
feeling  my  aged  patients  passing  without  disease  from  manhood; 
to  death;  and  whilst,  as  the  result  of  my  observations,  it  i8^l 
merely  accidental  whether  the  retrogi-ession  takes  place  more: 
rapidly  in  one  organ  than  another,  it  is  clear  that  death  itself  is 
not  an  accidental,  but  a  normal  result,  neither  to  be  averted  by 
medicine  nor  parried  by  the  mode  of  life.    Viewing  age  in  this 
light,  the  physician  must  not  expect  much  from  his  skill,  when 
he  attempts  to  ward  ofiF  a  result  which  we  are  designed  from 
birth  to  suffer.    Nevertheless,  health  may  be  secured  and  life 
prolonged  by  care  and  the  strictest  attention  to  physical  laws. 

The  conditions  of  health  should  be  rigorously  followed. 
All  external  agencies,  especially  heat,  should  be  duly  regulated, 
and  the  diet  should  be  most  carefully  adjusted  to  the  power  of 
digestion  and  the  requisite  amount  of  food.  When  age,  unac- 
companied with  disease,  sets  in,  the  appetite  gradually  and  in- 
creasingly fails,  nutrition  and  assimilation  gradually  lessen ;  and 
the  capacity  to  generate  force  and  heat  diminishes.  At  last,  ner- 
vous power  fails,  and  the  patient  silently  passes  into  the  sleep 
of  death.  To  this  end  is  man  bom,  and  must  submit ;  for  as 
sure  as  the  endogenous  tree  grows  itself  to  death,  so  does  man, 
by  virtue  of  some  changes  in  his  organisation,  cease  to  evince  the 
powers  of  health,  and  finally  of  life. — &m.ee  on  General  Debiliti/ 
and  Defective  Nutrition. 

VELUTI  IN  AQUAEIUM. 
The  wonderful  cycle  of  organic  life  in  which  the  consti- 
tuents of  the  atmosphere  are  made  to  pass  through  one  living 
body  after  another,  and  are  at  last  restored  to  it  in  their  pris- 
tine state,  is  conveniently  presented  to  the  observation  of  every 
one  in  the  Aquaria,  now  the  fashionable  ornaments  of  our  draw- 
ing-rooms. 

Every  self-sustaining  Aquarium  ought  to  include  three  kmds* 
of  living  beings,  namely,  plants,  vegetable-feeding  animals,  andi 
carnivorous  animals.  Thus,  in  a  fresh-water  tank  we  may  have.> 
vallisneria,  water-snails,  and  gold-fish ;  in  a  marine  tank,  somee 
of  the  grass -green  sea-weeds,  anemonies,  phytophagous  gas-- 
teropods,  and  blennies  or  gobies.  The  plants  will  thrive  in  sun-- 
light  on  the  carbonic  acid  and  ammonia  diffused  through  the 
water:  invisible  diatoms  too  will  increase  and  multiply  at  the. 
expense  of  the  same  materials;  the  anemones  and  the  mollusk8> 
will  support  themselves  on  the  vegetable  diet  thus  prepared  tor- 
them;  their  eggs  and  young  serve  to  sustain  the  predaceous^ 
fish  •  and  while  the  nlauts  are  continuaUy  impartmjr  fresh  oxy  • 
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gen  to  the  atmosphere  of  the  tank,  this  is  as  constantly  con- 
sumed by  the  animal  inhabitants,  which  are  restoring  to  the 
water  during  their  whole  lives  the  carbonic  acid  and  ammonia 
of  which  the  plants  deprived  it. — National  Review,  No.  8. 


THE  SOIL,  THE  PLANT,  AND  THE  ANIMAL. 

How  much  stronger  at  every  step  becomes  the  likeness  be- 
tween the  Soil,  the  Plant,  and  the  Animal !  how  much  closer 
their  connection  !  how  much  more  indissoluble  the  union  that 
binds  them  together ! 

When  dry  bone  is  burned,  the  ash  that  remains  behind 
amounts  to  two-thirds  of  its  weight,  and  consists  almost  en- 
tirely of  phosphates  of  lime  and  magnesia,  which  are  so  abun- 
dantly present  in  the  ash  of  diflfereut  varieties  of  grain.  This 
bom-earth,  as  it  is  called,  must  exist  in  the  soil.  The  plant 
draws  it  from  the  earth  by  its  roots.  The  cow  eats  it  with 
the  herbage  she  crops  from  the  fields,  and  parts  with  it 
again  in  the  milk  she  produces  to  feed  her  young.*  The  calf 
sucks  the  milk,  and  works  up  the  phosphates  it  contains  into 
the  form  of  living  bones,  adding  daily  to  their  size  and  weight. 
Without  bone  our  present  races  could  not  exist.  It  forms  the 
skeleton  to  which  the  softer  parts  are  attached,  and  by  which 
they  are  supported;  but  the  life  of  the  animal  being  at  an  end, 
the  function  of  the  bone  as  a  living  thing  is  discharged.  It 
falls  to  the  earth,  and  new  plants  take  up  its  phosphates  again, 
to  send  them  forward  on  a  new  mission  into  the  stomachs  of 
other  living  and  growing  animals.  How  beautiful  is  all  this ! 
— North  British  Review,  No.  6. 


THE  ANIMAL  AND  VEGETABLE  COMPARED. 

The  dependence  of  the  Animal  and  Vegetable  kingdoms 
one  upon  the  other,  as  well  as  their  antagonism,  may  be  seen 
at  a  glance  by  the  following  diagram,  given  in  Dumas  and 
Boussingault's  work  on  Organic  Nature: 

An  Animal  is  an  apparatus  of    A  Vegetable  is  an  apparatus  of 
Combustion.  Reduction. 
Bur-M  Carbon,  Reduces  Carbon, 

Hydrogen,  Hydrogen, 
Ammomum.  Ammonium. 
Exhales  Carbomc  Acid,  Fixes  Carbonic  Acid, 

Water,  Water 
Oxide  of  Ammonium,  Oxide  of  Ammonium, 

•A-zote-  Azote. 
•  A  single  milch  cow  removes  from  the  soil  every  year  in  its  milk  and  annual 
7}^^  V  equivalent  to  fifty  pounds  of  bone-dust.    This  must,  after  a  time. 
^r^V"  TL/i  vf^^'/?^  ^^'■""fi'  »t  the  milk  of  the  cow  and  the  growth  of  the 
L  thisl^  '  ^^^^^^^^^<  bone-dust  must  be  added.  How  curious 
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Consumes  Oxygen, 

Protein, 

Fats, 

Starch, 

Sugar, 

Gum. 
Produces  Heat, 

Electricity, 
if  ~tores  its  elements  to  the  air  or 
earth. 

Transforms    organised  matters 
into  mineral  matters. 


Produces  Oxygen, 
Protein, 
Fats, 
Starchy 
Sugar, 
Gum. 
Absorbs  Heat, 
Abstracts  Electricity. 
Derives  its  elements  from  the  a 

or  from  the  earth. 
Transforms  mineral  matters  inl 
organic  matters. 


LIFE  OF  THE  PLANT  AND  THE  ANIMAL. 

Vegetable  food  contains  a  large  proportion  of  starch  c 
gum,  while  in  the  body  of  the  Animal  these  substances  ai 
wholly  wanting.  What  becomes  of  the  starch  when  eaten 
Why  does  it  exist  so  abundantly  in  plants?  What  purpo; 
does  it  serve  in  the  animal  economy?  Again,  all  animal 
breathe.  They  inhale  atmospheric  air,  containing  one  twc 
thousand-five-hundredth  part  of  carbonic  acid;  and  they  ex 
hale  an  air  containing  from  one  to  four  or  five  hundredth  part 
of  the  same  gas.  In  other  words,  the  living  animal  is  cou 
stantly  discharging  carbon  into  the  air,  in  the  form  of  carboni 
acid.  Whence  is  this  carbon  derived  ?  What  part  of  the  foo( 
supplies  it  ? 

The  starch  and  sugar  of  the  food  supply  the  carbon  fo:  i 
respiration.  The  leaves  of  plants  take  in  carbon  from  the  airr 
in  the  form  of  carbonic  acid,  that  it  may  be  converted  into  th(  < 
starch  and  other  analagous  compounds  of  which  their  substanco 
consists.  The  digestive  organs  of  animals  undo  the  work  o:  i 
the  leaves,  and  their  lungs  return  the  same  carbon  to  the  air- 
in  the  same  gaseous  form  of  carbonic  acid.  That  which  enters-; 
the  stomach  in  the  form  of  starch  escapes  from  the  lungs  inu 
the  form  of  carbonic  acid  and  watery  vapour.  Thus,  in  an^- 
other  way,  are  animal  and  vegetable  life  connected,  and  again;: 
they  play  as  it  were  into  each  other's  hands.  And  it  is  beauti-i- 
ful  to  consider,  that  whUe  the  plant  and  the  animal  appean 
thus  to  be  working  contrary  to  each  other,  they  are  in  reality^ 
producing  each  what  is  necessary  to  the  existence  of  the  other, . 
and  perform  each  its  allotted  part  in  maintaining  the  existing^ 
balance  or  stability  of  things.  The  round  of  animal  and  vege- 
table life  may  be  regarded  as  a  little  episode  in  the  history  of"' 
nature.  The  system  of  the  inanimate  universe  is  complete  of! 
itself.  The  dead  matter  of  the  globe  is  comparatively  little  - 
affected  by  the  existence  of  life.  A  small  portion  of  it  is,  for  r 
a  time,  worked  up  into  vegetable  and  animal  forms,  and  then 
returns  again  to  the  earth  as  it  was.    But  what  a  beauty, 
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though  transient,  does  this  poetry  of  life  impart  to  the  face  of 
nature,  clothing  it  with  verdure,  and  peopling  it  with  moving 
and  graceful  forms !  What  a  broad  field  has  it  afforded  for 
the  exercise  of  the  Creator's  skill  and  bounty  !  Again,  all  the 
four  classes  of  substances  contained  in  vegetables  appear  equally 
important  to  the  animal.  With  none  of  them  can  it  safely  dis- 
pense. The  starch  is  necessary  to  supply  the  wants,  so  to 
speak,  of  the  respiration  ;  the  gluten  to  build  up  the  substance 
of  the  muscles ;  the  fat  to  lubricate  the  joints,  to  round  off  the 
extremities  of  the  bones,  to  fill  up  the  cellular  tissue,  and  to 
enable  the  muscles  to  play  freely  among  each  other ;  while  the 
saline  and  earthy  constituents  of  the  plant  yield  the  salts  of 
the  blood  and  other  animal  fluids,  and  the  earthy  phosphates 
and  carbonates  of  the  bones. — Edinburgh  Review,  No.  163. 

SELECTIVE  POWER  OF  ORGANISMS. 

Both  Plants  and  Animals  (says  Dr.  George  Wilson,  who 
has  beautifully  illustrated  this  subject)  are  found  to  reject  sub- 
stances which  are  in  abundance  about  them,  and  to  appropri- 
ate others  which  are  scantily  provided  by  nature  and  can  only 
be  very  slowly  accumulated,  even  in  favourable  circumstances. 
A  land  plant,  for  example,  finds  in  the  soil  which  supports  it 
much  of  the  earth  or  oxide  alumina,  and  very  little  of  the 
alkalies  potash  and  soda  ;  yet  it  totally  refuses  to  take  any  of 
the  alumina,  while  it  untiringly  searches  for  and  absorbs  the 
alkalies,  or  dies  if  it  cannot  find  them.  A  graminivorous 
animal  finds  in  its  food  much  silica,  yet,  with  the  exception  of 
very  little  in  the  hair,  and  mere  traces  elsewhere,  silica  is  ab- 
sent from  all  its  structures.  On  the  other  hand,  it  finds  in  its 
food  very  little  phosphate  of  lime,  but  it  appropriates  the 
whole  of  it,  expending  it  on  the  nutrition  of  every  tissue,  but 
especially  in  constructing  its  bones. 

If  we  had  the  means  of  comparing  the  weight  of  an  ele- 
phant's tusk  (say  of  150  lbs.)  with  the  tons  of  vegetable  matter 
which  the  animal  had  to  devour,  and  the  hundredweights  of 
silica  which  it  had  to  reject,  before  it  obtained  a  sufficient 
amount  of  phosphate  of  lime  to  form  the  ivory  of  a  single 
tooth,  we  should  have  a  startling  proof  that  there  is  no  neces- 
sary connection  between  the  quantity  of  raw  material  offered 
to  an  organism  and  the  quantity  of  that  material  appropri- 
ated by  it.  In  every  botanic  garden  we  see  plants  requiring 
very  different  kinds  of  food  growing  side  by  side,  and  living 
on  the  same  soil,  from  which  each  plant  selects  for  itself  ex- 
actly what  it  requires. 

A  still  more  striking  example  of  selective  action  is  afforded 
by  the  plants  and  animals  which  simultaneously  develop  them- 
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Belves  from  the  same  medium,  such  as  the  sea.  In  any  tock^u 
pool,  when  the  tide  is  out,  and  in  every  thriving  drawiug-rooi  i 
aquarium,  one  may  find  the  graceful  plants  which  we  call  sea  41 
weeds  sipping  from  the  mingled  waters  their  daily  fractional 
dose  of  iodine  ;  housed  sea-snails  sucking  from  it  carbonate  c 
lime  from  their  shells  ;  restless  fishes  extracting  from  it  phof-i 
phate  of  lime  to  strengthen  their  bones  ;  and  lazy-like  sponge  i: 
dipping  successfully  into  it  for  silica  to  distend  the  mouths  o  I 
their  filters. 

Thus  no  creature  is  a  fortuitous  course  of  atoms.  Each  i  :i 
as  definite  and  constant  in  its  chemical  composition  as  it  is  ii  .  i 
its  mechanical  structure  or  its  external  form.  A  bird  does  no  ii 
more  certainly  in  successive  generations  instinctively  build  it  ,; 
nest  in  the  same  way  than,  from  the  first  moment  of  its  em  - 
bryonic life,  it  unconsciously  builds  its  own  body  out  of  thi  i 
same  materials,  gathering  lime  to  its  bones,  iron  to  its  blood:.  * 
and  silica  to  its  feathers. 

In  this  way,  through  unnumbered  centuries,  each  tribe  o;  1 
organisms  has  from  the  period  of  its  creation  followed  in  itj: 
structural  development  a  chemical  formula  of  composition 
which  in  the  same  species  is  constant,  within  narrow  Limits-, 
for  every  one  of  its  members  ;  so  that  each  plant  and  anima  ' 
has  a  chemical  as  well  as  an  anatomical  individuality.  —  Oi 
Chernical  Final  Causes;  Edinburgh  Essays^  1856. 

USE  OF  PLANTS  IN  THE  ECONOMY  OF  NATUEE. 

That  the  ofl&ce  of  plants  in  the  economy  of  the  world  is  noi  •. 
so  much  to  pui'ify  the  air  for  animals  as  to  supply  them  with 
nourishment,  may  be  argued  from  the  nature  of  the  operatioc . 
in  which  oxygen  gas  is  liberated  by  vegetables.  Plants  tak€ 
carbonic  acid,  water,  &c.  from  the  air,  and  decompose  them, 
giving  back  to  the  atmosphere  a  part  of  the  oxygen;  while 
they  transform  the  rest  of  the  materials  into  vegetable  fabric, 
or  into  vegetable  products  (mostly  the  prepared  materials  oi 
vegetable  fiibric).  The  raw  materials  used  contain  more  oxygen 
than  the  vegetable  matter  produced  from  them  does.  The  sur- 
plus oxygen  has  to  be  eliminated,  and  is  therefore  given  ofi'  iu 
a  free  state,  which  appears  to  be  the  essential  thing  here ; — 
the  formation  of  vegetable  fabric,  or  of  organic  matter,  by 
which  alone  the  plant  can  grow,  form  its  parts,  and  continue 
to  exist ;  or  the  evolution  of  the  oxygen  gas  necessarily  sepa- 
rated in  the  process,  and  which  has  to  be  got  rid  of. 

SERVICES  OF  NITROGEN  TO  PLANTS. 

There  are  almost  countless  compounds  contained  in  nitro- 
gen which  are  capable  of  being  dissolved  by  water.   Some  of 
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these  descend  from  the  air  with  the  falling  rain,  some  exist 
in  the  waters  of  our  springs,  some  in  the  manures  we  add  to 
the  land,  and  some  are  formed  during  the  decay  of  the  vege- 
table matter  in  the  soil.  These  enter  into  the  roots,  and  no 
doubt  supply  a  variable  proportion  both  of  carbon  and  nitrogen 
to  the  growing  plant.  And  lastly,  over  the  whole  surface  of 
the  globe,  wherever  animal  and  vegetable  substances  are  under- 
going slow  decomposition,  there  is  a  constant  tendency  to  the 
production  of  nitric  acid  ;  and  in  the  air,  whenever  the  light- 
ning flashes,  it  is  formed  in  minute  quantity  from  the  elements 
of  the  air  itself.  We  cannot  tell  how  much  of  this  acid  is  con- 
tinually produced  in  nature,  but  it  must  be  very  great,  and  it 
may  safely,  we  think,  be  regarded,  in  the  general  vegetation  of 
the  globe,  as  one  of  the  main  forms  of  combination  in  which 
nitrogen  enters  into  the  circulation  of  living  plants. — Edin- 
burgh Review,  No.  163. 

Another  writer  observes  :  *'  We  may  say  that  the  nitro- 
genous constituents  of  plants  embody  a  high  degree  of  force, 
which  is  destined  ultimately  to  manifest  itself  in  the  sensible 
motions  of  animals.  And  it  is  a  curious  confirmation  of  this 
view,  that  if  these  substances  pass  into  decomposition  without 
being  organised  into  muscle,  they  set  free  a  large  amount  of 
chemical  force ;  all  those /m?ie?i«s  which  have  so  remarkable  a 
power  of  exciting  chemical  changes  in  other  compounds,  being 
members  of  this  group." — JVational  Review,  No.  8 

SILICEOUS  EPIDEEMIS  OF  PLANTS. 

Sir  Humphry  Davy's  first  scientific  discovery  was  the  detec- 
tion of  siliceous  earth  in  the  epidermis  of  the  cannae,  reeds, 
and  grasses.  A  child  had  accidentally  noticed  the  emission 
of  a  faint  light  when  two  pieces  of  bonnet-cane  were  rubbed 
together.  On  examining  the  fact,  Davy  ascertained  that  on 
striking  the  pieces  together  vivid  sparks  were  produced,  simi- 
lar to  those  emitted  by  the  collision  of  flint  and  steel.  Davy 
observes  of  this  very  beautiful  discovery,  in  Lectures  on  Agri- 
cultural Chemistry,  that  "  the  siliceous  epidermis  serves  as  a 
support,  protects  the  bark  from  the  action  of  insects,  and  serves 
to  perform  a  part  in  the  economy  of  these  feeble  vegetable 
tribes  similar  to  that  performed  in  the  animal  kingdom  by  the 
shell  of  the  crustaceous  insects." — Weld's  History  of  the  Royal 
Society. 
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VALUE  OF  NITEOGEN.  ! 

The  nutritive  properties  of  Nitrogen  have  been  greatly  over-Mi 
rated.  Magendie  says  :  "  It  is  true  that  alimentary  substancef  s; 
which  contain  little  or  no  nitrogen  are  not  nutritive  ;  but  tc  ■ 
conclude,  as  is  often  done,  that  the  proportion  of  nitrogen  con-,  n 
tained  in  one  elemf  at  gives  exactly  its  nutritive  power,  is  tc  i 
greatly  exceed  the  ;ruth  deduced  from  the  experiments  whict 
have  been  made  en  this  point  of  physiology.  Many  highljv ; 
nitrogenous  substsnces  are  not  nutritious." 


HOW  ANIMALS  GROW  FAT. 

Liebig,  failing  to  discover  sufficient  oily  matter  in  the  food: 
consumed  by  arimals  to  account  for  their  fat,  maintained  that 
this  substance,  which  merely  consists  of  drops  of  oil  surrounded - 
by  a  delicate  animal  membrane,  in  most  instances  resulted  from 
the  changing  i  a  the  system  of  starch  and  sugar  into  oil.  It  was- 
difficult  to  prove  this,  however  necessary  the  inference  ;  but  at  . 
last  an  experiment  of  Milne-Edwards  set  the  matter  at  rest. 
He  confined  /lome  bees  in  a  glass  vessel,  and  gave  them  only 
sugar  to  eat.    In  the  course  of  a  few  days,  although  they  had 
not  increased  or  decreased  in  weight,  they  had  consumed  a 
quantity  of  the  sugar,  and  had  formed  a  large  quantity  of  wax  ; 
thus  proviiig  that  the  bees  must  have  formed  the  wax  from  the 
sugar.    The  power  possessed  by  the  animal  system  of  convert- 
ing sugar  into  fat  seems  perfectly  analogous  with  this  in  the  bee 
of  converting  sugar  into  wax. 


WHAT  IS  THE  WORTH  OF  GELATINE  ? 

In  the  animal  body  is  found  a  substance  called  Gelatine, 
which  is  to  its  existence  what  cellulose  is  in  the  vegetable 
kingdom.  Although  often  taken  iuto  the  system  with  auimal 
food,  especially  in  soups  and  jellies,  from  experiments  made  in 
France  and  Belgium  there  appears  to  be  no  evidence  to  show 
that  Gelatine  is  used  in  forming  any  of  the  proteiuaceous  -tis- 
sues of  the  body  ;  at  the  same  time  it  is  not  improbable  that 
the  Gelatine  may  be  appropriated  for  renewing  the  gelatinous 
portions  of  the  tissues,  which  are  very  extensive  in  the  animal 
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body.  Hence,  although  Gelatine  is  not  nutritious  in  the  sense 
of  nourishing  the  actively  vital  parts  of  the  body,  it  may  assist 
in  keeping  up  certain  parts  of  the  fabric.  It  need  not,  then,  be 
rejected  from  our  food  ;  but  it  cannot  be  too  widely  known, 
that,  as  the  basis  of  soups  and  jellies,  it  may  be  administered 
under  the  supposition  of  being  nutritious,  and  thus  lead,  if 
used  alone  in  diet,  to  disastrous  results. 

HOW  THE  BODY  IS  NOTJEISHED  BY  FOOD. 

The  food  consumed  by  man  produces  two,  and  only  two, 
effects  necessary  to  his  existence.  These  are,  first,  to  supply 
him  with  that  animal  heat  without  which  the  functions  of  life 
would  stop ;  and  secondly,  to  repair  the  waste  constantly 
taking  place  in  his  tissues,  that  is,  in  the  mechanism  of  his 
frame.  For  each  of  these  separate  purposes  there  is  a  separate 
food.  The  temperature  of  our  body  is  kept  up  by  substances 
which  contain  no  nitrogen,  and  are  called  non-azotised ;  the 
incipient  decay  in  our  organism  is  repaired  by  what  are  known 
as  azotised  substances,  in  which  nitrogen  is  always  found.  In 
t}ie  former  case  the  carbon  of  non-azotised  food  combines  with 
the  oxygen  we  take  in,  and  gives  rise  to  that  internal  com- 
bustion by  which  our  animal  heat  is  renewed.  In  the  latter 
case,  nitrogen  having  little  aflBinity  for  oxygen,*  the  nitroge- 
nous or  azotised  food  is  as  it  were  guarded  against  combus- 
tion, and  being  thus  preserved,  is  able  to  perform  its  duty  of 
repairing  the  tissues,  and  supplying  those  losses  which  the  hu- 
man organism  constantly  suffers  in  the  wear  and  tear  of  daily 
life. 

VEGETABLE  AND  ANIMAL  FOOD. 

As  a  sect  has  arisen  of  persons  who  deny  the  propriety  of 
man's  taking  animal  food,  it  may  be  well  to  examine  the  evi- 
dence on  which  his  claim  to  be  regarded  as  a  flesh  animal  rests. 
We  shall  dismiss  the  sentimental  objection  that  life  ought  not 
to  be  taken  as  unworthy  of  serious  refutation,  as  every  one 
must  feel  that  for  carnivorous  animals  to  prey  upon  lower  ani- 
mals is  a  natural  law. 

First,  the  experience  of  the  races  and  nations  of  men  who  partake 
of  animal  food  is  decidedly  in  its  favom*.  Amongst  the  northern  and 
European  nations  this  practice  is  universal ;  and  it  is  precisely  among 
these  people  that  we  see  the  greatest  amount  of  physical  power  and 
moral  and  intellectual  development  existing ;  whilst  "those  individuals 

*  "  Of  all  the  elements  of  the  animal  body,  nitrogen  has  the  feeblest  attrac- 
tion for  oxygen;  and  what  is  still  more  remarkable,  it  deprives  all  combustible 
elements  with  which  it  combines,  to  a  greater  or  less  extent,  of  the  power  of 
combining  with  oxygen,  that  is,  of  undergoing  oomh\iation."—LieMy'a  Familiar 
Letters  on  Chemistry. 
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who  partake  most  largely  or  exclusively  of  a  vegetable  diet  are  alilki 
physically,  intellectually,  and  morally  degraded.    Again,  among  thof  % 
classes  who  get  the  least  animal  food,  as  also  in  those  public  establisl  .i 
ments  where  meat  is  only  sparingly  allowed,  mortality  is  greatest,  an  i 
disease  is  most  rife.  The  disease  most  commonly  generated  by  an  excli .  > 
sively  vegetable  diet  is  scrofula,  and  when  traceable  to  this  cause,  tt . 
most  speedy  remedy  is  the  addition  of  animal  food  to  the  diet.    An  s 
there  is  no  surgeon  or  physician  connected  with  the  great  medical  ch; 
rities  of  this  coimtry  but  has,  unfortunately,  ample  opporttmities  •  ; 
witnessing  the  ill  effects  of  a  vegetable  diet,  and  the  benefit  in  sue  ^ 
cases  of  the  administration  of  animal  food. 

It  has  also  been  foimd,  not  alone  as  a  matter  of  general  personal  e:  \ : 
perience,  but  by  direct  experiment,  that  animal  food  is  more  digestibj  ; 
than  vegetable  food ;  as  in  the  case  of  St.  Martin,  where  Dr.  Beaumon  ; 
through  a  gun-shot  wound  never  healed,  placed  various  kinds  of  foo 
in  the  stomach,  and  was  thus  enabled  to  ascertain  how  long  each  re 
quired  to  digest ;  and  it  was  found  that  the  flesh  of  animals  was  muc  ; 
more  digestible  than  any  of  the  more  nutritious  forms  of  vegetable  fooc  i  ^ 
as  bread,  and  the  preparations  of  flour.  (See  ante,  p.  157.) 

To  this  evidence  may  be  added  that  on  examination  of  th;'i 
organs  in  man,  it  will  be  found  that  they  are  a  true  mixture  c  >  j 
those  of  the  vegetable-feeding  and  carnivorous  animals.    Hi  i 
teeth  are  partly  adapted  for  grinding,  whilst  some  of  them  ar  . 
supplied  with  the  sharp  projections  which  are  characteristic  c  : 
the  carnivora,  thus  evidently  adapting  them  for  the  mastica  i  - 
tion  of  both  vegetable  and  animal  food.  A  slight  lateral  move 
ment  of  the  lower  jaw  with  the  up-and-down  action  is  expres- 
sive of  the  subserviency  of  his  structure  to  a  mixed  diet.  Ii 
the  stomach  also  we  find  indications  of  the  same  intermediate, 
position  in  its  structure ;  and  the  same  conclusion  is  forcet 
upon  us,  that  it  is  part  of  the  apparatus  of  an  animal  intendet 
for  subsisting  upon  a  diet  composed  of  animal  and  vogetabL 
substances. — Abridged  from  Dr.  Lankester's  Letters  on  Diet. 

NUTRIMENT  IN  APPLES. 

Chemical  researches  by  Mr.  J.  H.  Salisbury,  of  Albany,  show » . 
that  good  varieties  of  the  Apple  are  richer  in  those  bodies  whici  i 
strictly  go  to  nourish  the  system  than  potatoes  are ;  or,  ii 
other  words,  to  form  muscle,  brain,  nerve,  and,  in  short,  assisi 
in  sustaining  and  building  up  the  organic  part  of  all  the  tissue;  • 
of  the  animal  body. 

HOW  TO  MAKE  BREAD  OUT  OF  WOOD. 

Dr.  Prout  has  clearly  proved  that  all  the  chief  alimentar} 
matters  employed  by  man  may  be  reduced  to  three  classes,  viz. 
saccharine,  oily,  and  albuminous  substances,  the  most  perfect 
specimens  of  which  are  respectively  sugar,  butter,  and  the 
white  of  eggs.  The  saccharine  principle  includes  the  vege- 
tables, comprehending  all  those  substances,  whatever  theii 
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sensible  properties  may  be,  into  the  composition  of  which  hy- 
drogen and  oxygen  enter  in  the  proportion  in  which  they  form 
^ater, — for  example,  the  fibre  of  wood,  which  chemists  call%- 
nine,  that  is,  the  nutritive  property  of  the  woody  fibre ;  and 
by  means  of  skilfixl  manipulation,  Professor  Auterith  of  Tubin- 
gen, in  1834,  succeeded  in  making  a,  tolerabli/  good  quartern-loaf 
out  of  a  deal  board.  First,  every  thing  that  was  soluble  in  water 
was  removed  by  maceration  and  boiling ;  the  wood  was  then 
reduced  to  fibres,  dried  in  an  oven,  and  ground  as  com,  when 
it  had  the  taste  and  smell  of  corn-flour.  Water  and  the  sour 
leaven  of  corn-flour  were  then  added,  to  make  a  spongy  bread, 
which,  being  baked,  had  much  crust  and  a  much  better  taste 
than  what  in  times  of  scarcity  is  prepared  from  bran  and  husks 
of  corn.  Wood-flour  also,  boiled  in  water,  forms  a  nutritious 
jelly ;  the  Professor  also  ate  it  in  the  form  of  gruel  or  soup, 
dumplings,  and  pancakes,  which  were  palatable  and  wholesome. 

Professor  Braude,  in  his  Lectures,  thus  records  an  analogous 
result :  '*  Gum  and  sugar  (grape  variety)  may  be  obtained  by 
the  action  of  sulphuric  acid  on  woody  fibre.  Bread  has  also 
been  made  of  this  substance ;  indeed,  before  me  is  a  specimen 
of  such  bread  imported  from  Sweden.  Seeing  the  close  re- 
lation between  the  composition  of  starch  and  lignine,  the  con- 
version of  the  latter  into  bread  does  not  appear  so  remarkable. 
I  cannot  say  much,  however,  in  favour  of  the  bread ;  indeed, 
the  quality  of  all  such  specimens  from  a  similar  source  which 
have  come  under  my  notice  has  been  very  poor." 

HOW  BEEAD  BECOMES  STALE. 

In  a  discussion  by  the  French  Academy  respecting  the  grave 
yet  apparently  simple  question,  why  Bread  becomes  stale,  M. 
Boussingault  has  laid  down  that  staleness  is  not,  as  is  generally 
supposed,  caused  by  the  proportion  of  water  diminishing ;  but 
arises  from  a  molecular  state,  which  manifests  itself  during  the 
cooling,  becomes  afterwards  developed,  and  persists  as  long  as 
the  temperature  does  not  exceed  a  certain  limit.  M.  Thenard 
maintains  that  staleness  is  caused  by  bread  being  a  hydrate 
which  heat  softens,  but  to  which  a  lower  temperature  gives 
more  consistency. 

VALUE  OF  EICE  AS  FOOD. 

From  the  earliest  period  the  most  general  food  in  India  has 
been  rice,  which  is  the  most  nutritive  of  all  the  cerealia,  con- 
tains an  enormous  proportion  of  starch  (from  83-8  to  85*07  per 
cent),  and  yields  to  the  labourer  an  average  return  of  at  least 
sixty-fold. 
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IMPROVED  BUTTER-MAKING. 

It  has  been  ascertained  by  experiment  in  America,  that  if 
at  the  exact  moment  when  the  butter  begins  to  separate  from 
the  cream,  more  cream  is  gradually  added,  the  churn  continu- 
ing to  be  briskly  worked,  the  effect  will  be  magical,  aud  the 
yield  of  butter  immediate.  If,  however,  the  fresh  cream  be 
poured  in  too  fast,  it  will  stop  the  process;  and  it  will  not 
answer  to  let  the  agitation  cease  for  an  instant. 

WHAT  IS  THE  WORTH  OF  CHEESE  ? 

Although  casein  as  dissolved  in  milk  is  very  digestible,  it 
becomes,  when  separated  and  known  by  the  name  of  cheese 
very  indigestible.  When  milk  is  deprived  of  its  butter,  and 
the  pure  casein  made  into  cheese,  as  is  the  case  with  some 
English  cheeses  (those  from  Suffolk  for  example),  it  becomes 
80  hard  as  scarcely  to  be  digestible.  But  in  most  cases  the 
casein  is  curdled  with  the  butter,  and  a  large  percentage  of 
this  substance  is  found  in  all  good  cheeses. 

PRESERVATION  OF  FOOD. 

ff 

That  meat  can  be  preserved  at  temperatures  below  the 
freezing-point  is  well  known,  of  which  fact  the  frozen  markets 
of  St.  Petersburg  afford  an  example ;  but  the  most  remarkable 
instance  of  preservation  by  frost  is  that  of  the  Siberian  mam- 
moth, which  is  supposed  to  have  been  buried  under  the  ice 
several  thousands  of  years,  and  when  first  exposed  from  its  icy 
covering  the  flesh  was  quite  fresh,  and  was  eaten  by  dogs.  The 
effect  of  exposure  to  air  is  to  decompose  by  the  combination  of 
the  oxygen  of  the  atmosphere  with  the  complicated  compounds 
of  animal  organisation,  and  that  effect  is  increased  by  the  pre- 
sence of  moisture.  It  is  a  common  opinion  that  the  light  of 
the  moon  facilitates  decomposition ;  the  foundation  of  which 
notion  may  be  traced  to  the  circumstance  that  on  clear  moon- 
light nights  there  is  a  greater  deposition  of  dew  than  under  a 
cloudy  sky. 

Boiling  checks  fermentation  in  organic  substances,  by 
which  means,  the  oxygen  of  the  atmosphere  being  excluded, 
meats  are  preserved  for  long  voyages ;  "  certainly  one  of  the 
most  important  contributions  to  the  practical  benefit  of  man- 
kind ever  made  by  science,  and  for  this  we  are  indebted  to 
Gay-Lussac." — Lieblg. 
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The  Laboratory  of  the  Alchemists  must  be  sought  in  the  back- 
grounds of  the  pictures  of  the  old  painters,  who  have  so  vividly 
portrayed  that  race  of  inventors.  The  figure  in  the  Frontis- 
piece to  the  present  volume  is  from  a  work  of  this  class,  in 
the  Orleans  collection,  painted  by  David  Teniers  in  the  l7th 
century. 

Three  distinguished  philosophers  of  the  17th  century  are 
recorded  as  having  cheered  their  hours  of  captivity  or  retire- 
ment from  the  strife  of  war  in  the  more  genial  pursuits  of  the 
laboratory.  Sir  Walter  Raleigh  passed  the  early  years  of  his  im- 
prisonment in  the  Tower  of  London,  as  we  shall  presently  more 
fuUy  describe.  The  Marquis  of  Worcester  wrote  a  portion  of 
his  Century  of  Inventions  whilst  confined  in  the  same  gloomy 
fortress.  It  is  said  that  he  was  preparing  some  food  in  his 
apartment,  when  the  cover  of  the  vessel,  having  been  closely 
fitted,  was,  by  the  expansion  of  the  steam,  suddenly  forced  ofiF, 
and  driven  up  the  chimney.  This  cu-cumstance,  attracting  the 
Marquis's  attention,  led  him  to  a  ti-ain  of  thought  which  ter- 
minated in  the  completion  of  an  invention,  which  he  deno- 
minated a  "  Water-commanding  Engine  j"  and  when  Cosmo 
de'  Medici,  Grand-Duke  of  Tuscany,  visited  England  in  1656 
(at  which  time  the  Marquis  was  a  close  prisoner  in  the  Tower), 
his  engine  was  exhibited  at  Lambeth,  as  recorded  in  the  Grand- 
Duke's  Diary. 

Prince  Rupert,  among  his  chemical  inventions,  formed  the 
composition  now  called  jPrince's  Metal,  of  which  candlesticks 
and  small  kitchen  pestles  and  mortars  are  made :  this  is  an 
alloy  of  copper  and  zinc,  which  contains  more  copper  than 
brass  does,  and  is  prepared  by  adding  this  metal  to  the  alloy. 
To  the  list  of  the  Prince's  inventions  must  be  added  a  mode  of 
rendering  black-lead  fusible,  and  re-changing  it  into  its  origi- 
nal state.  To  him  also  has  been  attributed  the  toy  that  bears 
his  name  as  "  Rupert's  Drop ;"  that  curious  bubble  of  glass 
which  has  long  amused  children  and  puzzled  philosophers. 

The  Prince  also  discovered  a  method  of  boring  guns,  which 
was  afterwards  carried  into  execution  in  Romney  Marsh  by  a 
speculator  ;  but  some  secret  contrivance  of  annealing  the  metal 
was  not  understood  except  by  Rupert,  and  the  matter  died  with 
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^^^^''i'^ce  also  built  an  experimental  glass-house  adjoiningir 
Chelsea  College,  which  proved  a  great  hindrance  to  the  lettiul 
of  the  college  and  lands,  when  Sir  Jonas  More  interfered  om 
behalf  of  the  Royal  Society,  and  so  the  nuisance  was  abated. 

•  ^^tfr  the  Restoration,  Prince  Rupert,  who  had  been  ap- 
pointed by  Charles  II.  Governor  of  Windsor  Castle,  had  the. 
Keep,  or  Round  Tower,  as  his  official  residence  ;  and  here  hee 
htted  up  a  laboratory,  with  a  forge  and  implements  for  experi- 
menting in  his  favourite  science,  metallurgic  chemistry 

In  the  account  of  Sir  Isaac  Newton's  college-life  at  Cam- 
bridge, we  find  some  interesting  particulars  of  his  love  of  ex- 
periments m  chemistry  and  pharmacy.    His  hair  turned  ffray 
at  the  age  of  thirty,  which  he  jocosely  attributed  to  the  great- 
number  of  experiments  he  made  with  quicksilver,  "  as  if  from 
hence  he  took  so  soon  that  colour."    He  suspected  himself  to 
be  inclined  to  consumption,  and  made  for  his  own  use  Leuca-  |i 
tello  8  Balsam,  from  the  following  recipe  in  his  own  hand  :  j 

Put  Venus  turpentine  one  pound  into  a  pint  ofthe  best  damask;  | 
rose-water  ;  beat  these  together  till  it  look  white,  then  take  four  ! 
ounces  of  bees  -wax,  red  sanders  half  an  ounce,  oil  of  olives  ofthe  best  t 
c  Jo'^^'s  ^ort,  and  half  a  pint  of  sack,  i 

bet  It  (the  sack)  on  the  fire  in  a  new  pipkin,  add  to  it  the  oil  and  wax  iet  I 
It  stand  on  a  soft  fire  wnere  it  must  not  boil,  but  melt  it  till  it  be  scald-  ) 
ing  hot.    Then  take  it  off.    When  it  is  cold,  take  out  the  cake,  and  ! 
scrape  off  the  dirt  from  the  bottom.    Take  out  the  sack,  wipe  the  pip-  / 
km,  put  in  the  cake  again,  set  it  on  the  fire,  let  it  melt  together,  and  ■■ 
then  put  m  also  the  tm-pentine  and  sanders  ;  let  them  not  boil,  but  be 
well  melted  and  mixed  together  ;  take  it  off  and  stir  it  now  and  then  ■ 
till  it  IS  cold.    If  you  would  have  it  to  take  inwardly,  add  to  it  when 
it  is  off  from  the  fire  half  an  ounce  of  powder  of  scuchineal  (cochineal) 
and  a  little  natural  balsam. 

For  the  measles,  plague,  or  small-pox,  a  half  an  oxmce  in  a  little  ' 
broth,  take  it  warm,  and  sweat  after  it.    And  agamst  poison  and  the 
biting  of  a  mad  dog,  for  the  last  you  must  dip  lint,  and  lay  it  upon  the 
wound,  besides  taking  it  inwardly.    There  are  other  vli-tues  of  it:  for  v 
wind,  choUc,  anoint  the  stomach,  and  so  for  bruises,  i 

Newton's  application  to  his  studies  was  intense.   One  of  his  | 

few  visitors  was  M.  Vigani,  a  native  of  Verona,  who,  after  I 

having  taught  chemistry  at  Cambridge  for  twenty  years,  was  j 

appointed  by  the  University  Professor  of  Chemistry  ;  and  Dr.  t 

Bentley  fitted  up  for  him  in  Trinity  College  an  old  lumber  ^ 

house  as  an  elegant  chemical  laboratory,  in  which  he  lectured  | 

for  some  years.    Newton  rarely  went  to  bed  till  two  or  three  f 

o'clock,  sometimes  not  till  five  or  six,  lying  about  four  or  five  I 
hours,  especially  at  spring  and  fall  of  tlie  leaf :  at  these  times 
he  used  to  employ  about  six  weeks  in  his  laboratory,  the  lire 
scarcely  going  out  either  night  or  day,  he  sitting  up  one  night, 
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aud  his  assistant  the  other,  till  he  had  finished  his  chemical 
experiments,  "in  the  performances  of  which  he  was  most 
accurate,  strict,  exact." 

"  He  was  very  curious  in  his  garden,  which  was  never  out 
of  order,  in  which  he  would  at  some  seldome  time  take  a  short 
walk  or  two,  not  enduring  to  see  a  weed  in  it.  On  the  left  end 
of  the  garden  was  his  elaboratory,  near  the  east  end  of  the  cha- 
pel, where  he  at  these  set  times  employed  himself  in  with  a 
great  deal  of  satisfaction  and  delight."* 

We  have  no  special  account  of  the  Laboratory  of  the  Royal 
Society.  The  Museum  was  commenced  in  1665  ;  then  was 
the  collectmg  a  repository,  the  setting  up  a  chemical  labora- 
tory, a  mechanical  operatory,  an  astronomical  observatory,  and 
an  optick  chamber  •  next  year  Evelyn  presented  the  table  of 
veins,  arteries,  and  nerves,  which  he  had  made  '  out  of  the 
natural  human  bodies,'  in  Italy."  Sir  R.  Moray  presented  "the 
stones  taken  out  of  Lord  Balcarras's  heart,  in  a  silver  box  •" 
Md  "a  bottle  fuU  of  stag's  tears."  Hooke  gave  "  a  petrified 
hsh,  the  skm  of  an  antelope  which  died  in  St.  James's  Park,  a 
f  /T*"^'"  ^""^  rarities.  In  1681,  when  Dr.  Grew 
published  his  curious  catalogue,  the  museum  contained  several 
thousand  specimens  of  zoological  subjects  and  foreign  curiosi- 
ties :  among  the  eighty-three  contributors  are  Prince  Rupert, 

^^^ly^'  Hooke,  Pepys,  &c.  ' 
The  foUowmg  hst  from  the  catalogue  of  the  articles  in  the 
museum  or  repository  of  the  society,  when  located  at  Gresham 
Co  lege,  cim  1708,  wiU  give  some  idea  of  the  chemical  rarities 
ot  that  penod.f 

Things  relating  to  Chymistry  and  other  parts  of  Natural  Philosophy. 
The  Oyl,  Spirit  Volatile  and  fixed  Salts  both  of  the  Serous  and 
Gummous  parts  of  Humane  Blood,  and  that  of  an  Ox.  " 
WHpH  vT^  •  =  One  or  two  drops  of  it  put  on  a  Cat's  Tongue 

killed  her  in  less  than  a  mmute  before  the  R.  Societv     In  St 

Sh  acr^^^^^^^         'f^r  gives  e^  J;  cures  tSe 

looth-ache,  but  apt  to  make  those  siok  who  do  not  take  Tobacco  Also 

shine  m  the  dark  for  some  mmutes  :  this  made  by  Dr.  Slai-e  Mr  Isaac 

t  ?r™ed  'M^r^X''^  ^^^i'^^  a'^Httle  Se  SunS^ 
IT,  presented  a  bnght  rosy  hue,  and  advances  in  fierv  colour  thn  Snn 
approaches  the  Meridian,  and  after  Sun-set  "decl^ef  ra'p^'' w^S 

Instruments  relating  to  Natural  Philosophy. 
An  Air-pump  (contrived  by  the  Honourable  R.  Boyle  Esq  \  an  En- 
gme  to  exhaust  the  Air  out  of  any  vessel.  ^ 

t  Hatton's  Jfew  View  of  London.  1708.  ' 
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The  Condensing  Engine,  whereby  much  air  is  crowded  iutx)  a  sma  .t 
room. 

A  Weather-Cock,  by  Sir  Chr.  Wren,  augmented  by  Mr.  R,  Hook. 

An  Instrument  whereby  the  quantity  of  Rain  that  falls  in  any  tim 
on  any  piece  of  ground  is  measured,  contrived  by  Sir  Christ.  Wren. 

The  Model  of  an  Instrument  to  fetch  earth  and  other  bodies  froi 
the  bottom  of  the  sea,  contrived  by  Dr.  Hook. 

A  Lamp  Furnace  (by  the  same  Gent.),  designed  for  the  hatchin 
of  Eggs,  in  order  to  observe  the  process  of  generation ;  as  also  digestin 
of  Liquors.  Also  by  the  same  Author,  a  pair  of  Semi-cylindrical  Lamp; 
designed  for  poising  the  Liquor  which  is,  to  feed  the  flame,  to  secui 
that  it  never  dart  the  Flame,  and  also  to  keep  it  of  equal  strength. 

The  Model  of  an  Eye,  in  which  the  Humors  are  represented  b 
glasses  of  an  answerable  figure. 

A  Burning  Glass,  \  a  foot  diameter. 

Another,  i.  e.  two  thin  concave  glasses  set  together,  and  so  to  be  fille. 
up  with  water  when  used  ;  conceived  and  given  by  Bishop  Wilkins. 

A  large  Microscope  with  three  glasses  fitted  for  all  manner  << 
positions  :  it  magnifies  to  100  times  the  area's  appearance  to  the  Eye* 
also,  a  lesser. 

An  Otocoustick  to  help  the  Hearing,  given  by  Bishop  Wilkins;  this  ;  i 
of  ivory — there  is  another  of  copper,  funnelled  and  bellyed  in  the  middle  .- 
a  third  of  tin,  conical  within  it :  the  best  is  the  first. 

A  pair  of  Hydrostatick  Scales,  used  to  examine  the  specific  gravif  t 
of  bodies,  &c. 

A  Box  of  Anatomick  Instruments,  viz.  Saws,  Knives,  ChiseUi 
Forceps,  Laver,  Tenter,  Syringe,  Pipes,  Probes,  and  Needles. 

In  1710,  the  Society  removed  to  a  house  in  Crane-courtt 
Fleet  Street,  "being  in  the  middle  of  the  town,  and  out  (c 
noise ;"  and  here  they  established  their  library  and  musemra 
In  1782,  they  removed  to  New  Somerset  House,  and  tranfii 
ferred  most  of  their  older  curiosities  to  the  British  Museum. 

The  laboratory  of  the  London  Institution,  in  the  rear  of  thi 
main  building,  erected  in  1819,  was  designed  by  W.  H.  Pepys  : 
F.R.S. :  the  apparatus  in  pneumatics,  hydrostatics,  electricity' 
and  magnetism,  are  very  perfect ;  but  the  great  battery  of  200  ' 
double  plates,  200  feet  square,  with  which  Sir  Humphry  Dayv 
experimented,  has  long  been  destroyed. 

The  laboratory  of  the  Royal  Institution,  "  the  workshop  c  i 
the  Royal  Society,"  in  the  basement  of  the  building,  wai 
originally  fitted  up  on  a  scale  of  magnitude  and  completenesi 
not  before  attempted  in  this  country.  Here  is  the  vast  spi 
paratus  with  which  Sir  Humphry  Davy  discovered  the  cona 
position  of  the  fixed  alkalies.  The  apparatus  is  of  immensu 
power,  and  consists  of  2000  separate  parts,  each  composed  o  c 
ten  double  plates,  and  each  plate  containing  32  square  inches* 
the  number  of  double  plates  being  2000,  and  the  whole  surfaow: 
128,000  square  inches. 

In  1802,  Davy  began  his  brilliant  scientific  career  at  the  Royal  Insti** 
tution,  where  he  remained  till  1812 ;  here  he  constructed  his  greart 
voltaic  battery,  and  commenced  the  mineralogical  collection  now  lu  tlul 
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Museum.    His  lectures  were  often  attended  by  1000  persons :  his  youth 
Jus  simphcity,  his  natural  eloquence,  his  chemical  knowledge,  his  happy 
Illustrations  and  well-conducted  experiments,  and  the  auspicious  state 

science,  ensured  Davy  great  and  mstant  success, 
_    The  enthusiastic  admiration  with  which  he  was  haHed  can  hardly  be 

"^'^  ^g^^s*  rank,  -men  of  science, 

men  of  letters,  and  men  of  trade, -but  women  of  fashion  and  blue- 

n^vZ^lf^  r™^'  of      Institution  to 

CO  ver  him  with  applause.    His  greatest  labours  were  his  discovery  of  the 

SZ^w*'"''  f  the  fixed  alkalies,  and  the  reestabhshment  of  the 
T     ''^^u?^^  ^  researches  were  the  investigation 

lllf^^T^  vegetables,  in  connection  with  the  art  of  tanninlT  the 
analysis  of  rocks  and  minerals,  in  connection  with  geology  :  thfcom! 
creSSXcSf  of  agricultural  chemistry ;  and  galfanisS^akd  deZ- 
L  trphr^l^hic"^^^^^^^  '^'^       unsuccessM  experimenter 

^T,-^^  conservative  spuit  and  ludicrous  indolence  in  science 

which  at  this  time  attempted  to  hoodwink  thepuWic,  a  quaii^Jin  Jtence 
^recorded  of  a  worthy  professor  of  chemistry^  at  Aberde^  Hehad 
aUowed  some  years  to  pass  over  Davy's  brilliant  discovery  of  potessium 

£  lenXfh^T  ""'^^^1*^°^'  ^  ^^^"^  in  his^?e^Sr 

tl.\Z^  }\    ^^^"^^^  doctor  was  concussed  by  his  colleagues  on  the 
subject,  and  he  condescended  to  notice  it    "  Both  nota<5li       o J 
now  said  to  be  metallic  oxides,"  said  he    "  tS  oxfdes  Inlct^^^^^ 
metals,  called  potassium  and  sodium  by  the  disrve?er  of  them  one 
Davy  m  London,  a  verra  troublesome  person  in  chemStoy  "*  ' 

to  ^Tl  fi^f  communicated  his  discovery  of  the  "Safety-Lamp 
to  the  Royal  Society  m  1815.    This  was  followed  by  a  series  of 
papers  crowped  by  that  read  on  the  11th  of  Januarr  siG 
when  the  prmciple  of  the  Safety-Lamp  was  announced,  aM 
Sir  Humphry  presented  to  the  Society  a  model  made  by  hi 

'l^?,'^  '  ^'"^^  P"-^^^^^^^  collection  of 

Koyal  Society  at  Burlington  House. 

noco"^^®-''^'^'''^'*^^  P''°P^'"  arrangement  of,  and  the  ne- 

cessaiy  instruments  for,  a  laboratory  may  be  sepn  It  Ip^^Tk  • 
Dr.  Faraday's  Chemical  ManipulJtiZj  ov  ^  Ztj^^ 
Chemistry  for  Schools,  ,       in  x»r.  jjardners 

SIR  WALTER  RALEIGH  A  CHEMIST. 

Sir  Walter  Raleigh  appears  to  have  exercised,  to  a  consider- 
able extent,  the  powers  of  his  cultivated  mind  in  order  to 
t^A  *^'m^'T  imprisonment  in  the  W  of 

London.  The  first  few  years  he  devoted  to  the  purS  of 
chemistry.  In  a  letter  from  Sir  William  Wade  Liei  tPnnS  nf 
the  Tower,  dated  1605,  we  are  told  tha^  ^^^sTr  wX  S  I 
hath  hke  access  (with  Cobham)  of  divers  to  him -  the  door  of 
his  chamber  being  always  open  all  the  day  to  the  garden  whTch 
indeed,  18  the  only  garden  the  lieutenant  hathf  And^  th' 
garden  he  hath  converted  a  Uttle  hen-house  to  a  ttni-h^use! 

•  From  Stories  of  Inventors  and  Discoverers  in  Science  and  the  Us^ul  Arts.  1859. ' 
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where  he  doth  spend  his  time  all  the  day  in  distillations."  One 
of  these  results  we  find  thus  recorded  in  the  State-Papers  i; 
edited  by  Mrs.  Everett  Green  :  11 

"  29  Sept.  1608.— This  day  Sir  W.  R.  fell  to  discursing  to  me  it 
of  the  wonders  he  had  done  for  the  benefitt  of  the  kingdom,  how  ' 
much  he  had  spent  for  the  service  thereof,  in  discoveryes,  &c., 
and  after  fell  to  tell  me  of  his  inventing  the  means  to  mak  salt 
water  sweet  by  furnaces  of  coper  in  the  forecastle ;  and  distill- 
ing of  the  salt  water  as  it  wer  by  a  buket  putting  in  a  pipe  att 
once,  and  within  a  quarter  of  an  hour  it  will  run  lyk  a  spiggott, 
BO  that  he  hath  by  that  distilled  water  given  240  men  every 
day  quarts  a  peece  and  the  water  as  sweet  as  milk.  From  that 
he  fell  to  telling  me  upon  my  questions  the  cause  of  the  salt- 
ness  of  the  sea  water  by  mountains  of  salt  in  most  places  and; 
salt-peeter  upon  euery  rock  and  cliflF  contrary  to  Aristotle,  and: 
that  the  cause  of  the  greeness  of  all  things  that  grows  out  of: 
the  erth  is  by  the  vitriol  that  is  in  the  erth  which  is  the  salt  of  ' 
the  erth,  for  lett  a  man  with  water  gett  all  the  salt  out  of  erth, 
ther  will  nothing  grow  ther." 

Raleigh's  prison-lodging  is  thought  to  have  been  m  the 
second  and  third  stories  of  the  Beauchamp  Tower.  He  devoted 
some  time  to  medical  chemistry  ;  and  here  he  prepared  his  ce- 
lebrated Cordial.  During  the  last  illness  of  Henry  Pnnce  of 
Wales  (to  whom  Raleigh  was  strongly  attached),  the  Queen 
appHed  to  Sir  Walter  for  some  of  his  cordial,  the  good  eflfects 
of  which  she  had  herself  experienced.  Raleigh,  in  a  letter  of 
condolence,  hazarded  his  belief  that  his  cordial  "would  cer- 
tainly cure  the  prince,  or  any  other,  of  a  fever,  except  m  case  oi 

Raleigh's  Cordial  was  held  in  such  high  reputation  in  thee 
reign  of  Charles  II.  that  a  treatise  on  the  preparation  was  them 
written,  under  the  auspices  of  that  monarch.  It  was  entitledd 
Discours  suT  le  Grand  Cordid  de  Sir  Walter  Raleigh  and  wass 
published  in  1665.  The  original  recipe  is  given  by  the  author,-, 
Le  Febure :  but  Sir  Kenelm  Digby  and  Sir  Alexander  Fra^etr 
introduced  other  ingredients.  Evelyn,  in  his  Diary,  under  th€e 
date  1662,  says  :  "  I  accompanied  his  Majesty  to  Monsieur  Ite 
Febure,  his  chemist  (and  who  had  formerly  been  my  master  ina 
Paris),  to  see  his  accurate  preparation  for  the  composing  hm 
Walter  Raleigh's  rare  cordial.  He  made  a  learned  discoursf<^ 
before  his  Mliesty,  in  French,  on  each  ingredient."  Raleigt  i 
a™^^^^^^  kept  the  preparation  of  his  cordial  a  secret; 
dS  h  s  Ufe.  The  formula  is  simpUfied  in  the  London  Phar-- 
m«ia  under  the  name  of  "  Aromatic  Confection  :''  it  con.- 
Ss  of  zedoary  and  saffron,  distiUed  water,  compound  powder 
of  crabs'  claws,  cinnamon,  nutmegs,  and  cloves,  smaller  carda-.« 
mon  seeds,  and  double  refined  sugar,  made  mto  a  confection. 
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DAVY,  WOLLASTON,  AND  JAMESON,  IN  THE  LABORATORY. 

The  change  in  the  practice  of  the  Royal  Society  with  re- 
spect to  their  Laboratory  experiments  was  thus  explained  by 
Sir  Humphry  Davy  in  his  Address  on  taking  the  President's 
chair  in  1820, — within  a  few  years  of  his  apprenticeship  to  au 
apothecary,  when  his  means  were  so  humble  that  he  was  unable 
to  purchase  apparatus  for  philosophical  experiments. 

In  the  eai-ly  part  of  our  establishment  (said  the  President),  when 
apparatus  was  prociu-ed  with  difficulty,  wheu  the  greatest  philosophers 
were  obliged  to  labour  with  their  own  hands  to  frame  their  instruments, 
it  was  found  expedient  to  keep  in  the  rooms  of  the  Society  a  collection  of 
all  such  machines  as  were  likely  to  be  useful  in  the  progress  of  experi- 
mental knowledge  ;  and  curators  and  operators  were  employed,  by 
whom  many  capital  experiments  were  made  under  the  eyes  of  the 
Society,  But  since  the  improvement  of  the  mechanical  and  chemical 
arts  has  afforded  great  facilities  as  to  the  means  of  carrying  on  experi- 
mental research,  the  Transactions  of  the  Fellows  recorded  by  the 
Society  have,  with  some  few  exceptions,  been  performed  in  their  own 
laboratories,  and  at  their  own  expense.  It  is,  however,  possible  that 
experiments  of  great  importance,  requiring  funds  which  few  individuals 
can  commaiid,  may  be  suggested ;  and  it  is  to  be  hoped  that  on  such 
occasions  the  proposers  will  not  fail  to  recur  to  the  Society. 

Sir  Humphry  next  refers  to  "grand  and  expensive  appara- 
tus then  in  public  establishments,  the  advantage  of  which 
was  becoming  available. 

Yet  such  costly  means  were  not  indispensable  for  the  study 
of  chemistry,  as  the  experience  of  its  distinguished  professors 
shows.  Dr.  WoUaston's  knowledge  was  more  varied,  and  his 
taste  less  exclusive,  than  any  other  philosopher  of  his  time,  ex- 
cept Mr.  Cavendish ;  but  optics  and  chemistry  are  the  two 
sciences  for  which  we  are  under  the  greatest  obligations  to 
mm.  _  He  had  a  peculiar  turn  for  contriving  pieces  of  apparatus 
lor  scientific  purposes.  By  means  of  his  reflective  goniometer 
crystallography  has  acquired  a  great  degree  of  perfection  :  and 
ms  sliding  rule  for  chemical  equivalents  furnishes  a  ready  mode 
tor  calculating  the  proportions  of  one  substance  necessary  to 
decompose  a  given  weight  of  another. 

•  ^o^^^ston  was  accustomed  to  carry  on  his  experiments 
m  the  greatest  seclusion,  and  with  very  few  instruments.  His 
laboratory  was  sealed  to  even  his  most  intimate  friends.  '  Dr. 
w  ""^i^-  ^^^^  ^  foreigner  once  caUed  on  Wollaston  with 
letters  of  introduction,  and  expressed  an  anxious  desire  to  see 
h  s  laboratory  "  Certainly,"  he  replied,  and  immediately  pro- 
auced  a  small  tray  contammg  some  glass  tubes,  a  blowpipe,  two 
or  three  watch-glasses,  a  slip  of  platinum,  and  a  few  test  tubes 
upon  another  occasion,  after  inspecting  Mr.  Children's  grand 
galvanic  battery,  Wollaston,  within  a  tailor's  thimble,  ^e^m- 
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pleted  a  galvanic  arrangement  by  means  of  which  he  heated  il 
platinum  wire  to  a  white  heat.  'f 
Mr.  Braude  records  that  Dr.  Wollaston's  "uncommon  ta  i 
neatness,  and  dexterity  as  an  experimental  chemist  will  nev'^i 
be  forgotten  by  those  who  had  an  opportunity  of  witnessing)  i' 
performance  of  any  analytical  operation  :  he  practised  a  pec  ! 
har  method  of  microscopic  research,  in  which  he  willingly  i 
structed  those  who  asked  his  information  j  and  we  owe  to  h 
numerous  abbreviations  of  tedious  processes,  anda  vanety  of  i  •  i 
provemeuts  in  the  application  of  tests,  which  have  gradua 
become  public  property,  although  he  never  could  be  indue 
to  describe  his  manipulations  in  print,  or  to  communicate  to  t  i . 
world  his  happy  and  peculiar  contrivances."  Towards  the  clc  li 
of  1828,  however,  feeling  his  end  approaching,  and  being  p( 
sonally  unable  to  write  accounts  of  such  of  his  discoveries  a;  i 
inventions  as  he  was  reluctant  should  perish  with  him,  he  en 
ployed  an  amanuensis,  and  in  this  manner  communicated  son 
of  his  most  valuable  papers  to  the  Royal  Society.  Within 
month  of  his  death,  he  invested  in  the  Funds  2000^.  in  the  nai  • . 
of  the  Royal  Society,  the  interest  to  be  applied  to  the  promoti<  i 
of  science.*  Of  this  amiable  philosopher  Dr.  Henry  says  : 

In  chemistiy  Dr.  WoUaston  was  distinguished  by  the  extreme  nice  i 
and  delicacy  of  his  observations;  by  the  quickness  and  precision  %vi  : 
which  he  marked  resemblances  and  discriminated  differences  ;  t 
sagacity  with  which  he  devised  experiments,  and  anticipated  their  i  ■ 
suits  ;  and  the  skill  with  which  he  executed  the  analj'sis  of  fragments 
new  substances,  often  so  minute  as  to  be  scarcely  perceptible  to  ordina  - 
eyes.    He  was  remarkable,  too,  for  the  caution  with  which  he  advanct 
from  facts  to  general  conclusions  ;  a  caution,  which,  if  it  sometim 
prevented  him  from  reaching  at  once  to  the  most  sublime  truths,  y 
rendered  every  step  of  his  ascent  a  secure  station,  from  which  it  w 
easy  to  rise  to  higher  and  more  enlarged  inductions.— jB/mewts 
Chemistry. 

The  late  Professor  Jameson  first  submitted  his  ideas  to  tl 
public  as  a  mineralogist  in  an  Essay  on  Gems,  which  he  coi 
tributed,  when  a  young  man,  to  Dr.  Anderson's  periodical,  tl 
Bee.  At  college,  Jameson  was  very  assiduous  in  the  chemic; 
class  ;  he  paid  especial  attention  to  minei-alogical  iuformatioi 
and  analytical  chemistry.  Dr.  Hope,  who  filled  the  chemical  chain 
displayed  the  first  oxy hydrogen  blowpipe,  which  was  constructed 

•  Dr.  Wollaston  died  Dec.  22, 1828,  of  disease  of  the  brain.  In  spite  of  sever, 
suffering,  his  faculties  were  unclouded  to  the  last.  When  he  -was  nearly  in  tb: 
last  agonies,  one  of  his  friends  having  observed  loud  enough  for  him  to  hear,  thii 
he  was  not  conscious  of  what  was  passing  around  him,  he  made  a  sign  for  pei 
cil  and  paper.  He  then  wrote  down  some  figures,  and  after  casting  up  the  sun 
returned  the  paper.  The  amount  was  right.  We  quote  this  anecdote  from  Mi 
Weld's  History  of  the  Royal  Society,  in  which  he  notes:  "  It  is  very  remarkabi 
that  no  life  of  Wollaston  exists,  although  his  reputation  stands  so  Iiigh.  It  ha 
been  observed,  that  had  he  been  a  German  or  a  Frenchman,  the  want  wouii 
liave  been  long  since  supplied." 
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under  Mr.  Jameson's  superintendence — an  instrument  indis^ 
pensable  in  analytical  mineralogy.  Thus  attending  lectures, 
and  studying  the  subjects  lectured  on,  he  did  not  consider 
these  all  that  were  necessary  to  form  a  chemist ;  he  felt  unless 
he  could  handle  a  crucible  as  well  as  name  it,  unless  he  could 
collect  the  gases  as  well  as  describe  them,  he  was  only  a  nom- 
inal chemist.  His  father,  entering  into  his  views,  assigned 
him  a  suitable  room  for  his  laboratory,  and  fully  supplied  him 
with  what  apparatus  it  required,  and  allowed  him  necessary 
attendants  in  assisting  him  in  his  experiments.  It  shows  the 
practical  character  of  Jameson's  mind  to  learn  that  when  he  left 
his  own  country  for  Freyberg  in  1800,  to  study  mineralogy  and 
geology,  under  the  learned  and  famous  Werner,  he  worked  in 
the  mines  there  under  the  rules  laid  down  by  his  master,  and 
went  through  the  same  drudgery  and  the  same  kind  of  work  as 
the  common  miner,  by  which  means  he  acquired  much  valuable 
knowledge. 

Sir  Humphry  Davy,  by  way  of  illustrating  the  advantages 
which  students  of  his  day  possessed  over  their  predecessors, 
says :  ' 

Tie  apparatus  essential  to  the  modem  chemical  philosopher  is  much 
less  bulky  and  expensive  than  that  used  by  the  ancients.  An  air-pump 
an  e  ectncal  machine,  a  voltaic  battery  (all  of  which  may  be  upon  a 
small  scale),  a  blowpipe  apparatus,  a  bellows  and  forge,  a  mercurial 
and  water-gas  apparatus,  cups  and  basins  of  platinum  and  glass,  and 
the  common  reagents  of  chemisty,  are  all  that  are  required  All  the 
implements  absolutely  necessary  may  be  carried  in  a  small  trunk  ;  and 
some  of  the  best  and  most  refined  researches  of  modern  chemists  have 
been  made  by  means  of  an  apparatus  which  might  with  ease  be  contained 
in  a  small  ti-avellmg  carriage,  and  the  expense  of  which  is  only  a  few 
Kf^niv-f^  ^f^^y^'^^  ^liich  chemical  inquii-ies  are  carried  In,  and 
iwnH  P  ■  ^f'P^^^*"-'''  offei-  additional  reasons  to  those  I  have 

aheady  given  for  the  pursuit  of  this  science.  It  is  not  injurious  to  the 
health:  the  modern  chemist  is  not  like  the  ancient  onl,  who  passed 

ace^'a'SdVe'^nlSf  ^"^^  ^^""'"'^  '^^"^^ 
Strua  of  wh^>,  -""^i  ^^P""^"  °*  ^""'^^  ^"^^  ^I'^^lies,  and  other 

HkT^nt'  asmgle  expenment  be  consumed  several  poimda 

His  processes  may  be  carried  on  m  the  drawing-room  and  some  of  tW,' 
are  no  less  beautiful  in  their  appearance  than  satis?acX  in  tS  respite 
tL7"H?h  belonging  to  the  last  cenSrv  of  Alchemy 

Srt-'Mt  S£T'"^-r'/"*=!^*'  it?  P^og'-ess  labour,  and  its  end  bSg'- 
«fr7  \  ^  ^V"^  ?^  modern  chemistry  that  its  beginnmg  is  nlea- 
sure.  Its  progress  knowledge,  and  its  objects  truth  and  uS^^  ^ 

indiSrv^S^'^.^^'^''-'^''^"'^^^*^'  *°  patience, 
net  n  ^nhL  ^  °T  ."i^^.^P^lation  ;  accuracy  and  minute^ 
A    e.dv  nndTf  the  phenomena  which  occur. 

A  steady  and  a  quick  eye  are  most  useful  auxiliaries ;  hut  there 
have  been  very  few  great  chemists  who  have  preserved  these 
advantages  through  life;  for  the  business  of  the  Krliy^^^ 
often  a  service  of  danger ;  and  the  elements,  like  the  refrac 
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tory  spirits  of  romance,  though  the  obedient  slave  of  t  ■ 
magician,  yet  sometimes  escape  the  influence  of  his  talism 
and  endanger  his  person.    Both  the  hands  and  eyes  of  othe 
however,  may  be  sometimes  advantageously  made  use  of. 

Liebig,  speaking  of  the  progress  and  developirient 
modern  chemistry,  thus  illustrates  the  means  and  implemei 
employed  by  the  chemist  in  his  labours.  Without  glass,  co 
platinum,  and  caoutchouc  (he  says),  we  should  probably  at  t 
day  have  advanced  only  half  as  far  as  we  have  done.  In  i 
time  of  Lavoisier  only  a  few,  and  those  very  rich  persons,  wi 
able,  on  account  of  the  costliness  of  apparatus,  to  make  chei 
cal  researches. 

The  wonderful  properties  of  glass  are  well  known  :  tra 
parent,  hard,  colourless,  unchanged  by  acids  and  most  otl 
liquids,  and  at  certain  temperatures  more  plastic  and  flexi 
than  wax,  it  takes,  in  the  hands  of  the  chemist  and  in  the  fla 
of  a  proper  lamp,  the  form  and  shape  of  every  piece  of  ap] j  t 
ratus  required  for  the  experiments. 

What  precious  properties  are  combined  in  cork !  HI 
little  can  any  but  chemists  appreciate  its  y&iue  and  recogm 
its  good  qualities  !  We  might  rack  our  brains  in  vain  in  i  \ 
hope  of  replacing  cork  as  the  ordinary  means  of  closing  botti 
by  any  other  substance  whatever.  Let  us  imagine  a  soft,  hig!;l 
elastic  mass,  which  nature  herself  has  impregnated  withti 
matter  having  properties  resembling  wax,  tallow,  and  ress 
yet  dissimilar  to  all  these,  and  termed  suberin.  This  rendi 
it  perfectly  impermeable  to  fluids,  and  in  a  great  measure  e\v 
to  gases.  By  means  of  cork  we  connect  wide  apertures  with  ui; 
row  ones ;  with  cork  and  caoutchouc  we  connect  our  vesK 
and  tubes  of  glass,  and  construct  the  most  complicated  appaa 
tus  without  the  aid  of  the  brass-founder  and  the  mechanist! 
without  screws  and  stop-cocks.  Thus  the  implements  of  f  i 
chemist  are  cheaply  and  easily  procured,  immediately  adapt  i 
to  any  purpose,  and  readily  repaired  or  altered. 

Without  platinum  it  would  be  impossible,  in  many  caas 
to  make  the  analysis  of  a  mineral.    To  dissolve  it,  or  rendeti 
soluble,  would  destroy  vessels  of  glass,  porcelain,  and  all  dck 
metallic  substances.    Crucibles  of  gold  and  silver  would  nn 
at  high  temperatures.    But  platinum  is  cheaper  than  go  ■ 
harder  and  more  durable  than  silver,  infusible  at  all  tempeA  j 
tures  of  our  furnaces,  and  is  left  intact  by  acids  and  alkalul, 
carbonates.  ,  J 

To  these  means  must  be  added  the  Balance.  The  great  ofl 
tinction  between  the  manner  of  proceeding  in  chemistry  a* 
natural  philosophy  is,  that  one  weighs,  the  other  measut  11 
The  natural  philosopher  has  applied  his  measures  to  nature  H 
many  centuries,  but  only  for  fifty  years  have  we  attempted  a| 
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advance  our  philosophy  by  weighing.  Once  adopted,  ic  put  an 
end  to  the  reign  of  Aristotle  iii  physics.  Three  of  his  elements 
— air,  earth,  and  water — are  now  matters  of  history. 

Fire  is  found  to  be  but  the  visible  and  otherwise  perceptible 
indication  of  changes  in  the  forms  of  bodies. 

Lavoisier  investigated  the  composition  of  the  atmosphere 
and  of  water  with  the  Balance  ;  that  incomparable  instrument 
(says  Liebig)  which  gives  permanence  to  every  observation,  dis- 
pels all  ambiguity,  establishes  truth,  detects  error,  or  shows  us 
that  we  are  in  the  true  path.  The  principal  problem  of  the 
succeeding  generation  was  to  determine  the  composition  of  the 
8uhd  matters  composing  the  earth.* 

THE  HONOUEABLE  CHAELES  AND  EDWAED  CHAELES  HOWAED. 

In  Sir  Humphry  Davy's  posthumous  work,  Consolations  in 
Travel,  one  of  the  personages  in  "  Dialogue  the  Fifth— the 
Chemical  Philosopher,"  observes: 

Eubathes.\  I  have  often  wondered  that  men  of  fortune  and  rank 
do  not  apply  themselves  more  to  philosophical  pursuits :  they  offer  a 
delightful  and  enviable  road  to  distinction,  one  founded  upon  the  bless- 
ings  and  benefits  conferred  on  our  fellow-creatures ;  they  do  not  supply 
::  the  same  sources  of  temporary  popularity  as  successes  in  the  senate  or 
'  A  ,i  ,  .  ^^^^""^  resulting  from  them  is  permanent,  and  inde- 
pendent of  vulgar  taste  or  caprice.  In  looking  back  to  the  history  of 
the  last  five  reigns  m  England,  we  find  Bo  vies,  Cavendishes,  and  How- 
ards, who  rendered  these  great  names  more  illustrious  by  their  scienti- 
hc  honours ;  but  we  may  in  vain  search  the  aristocracv  now  for  philoso- 
liS'Sy'^"  ^^'^        persons  who  pursue  science  with  true 

Of  the  first  of  the  two  members  of  the  illustrious  Howard 
amily  we  possess  some  interesting  memorials.  At  the  Deep- 
lene,  near  Dorking  in  Surrey,  which  for  centuries  formed  a 
)ortion  of  the  Howards'  possessions,  lived  the  Hon.  Charles 
ioward  son  of  the  seventh  Earl  of  Arundel.  Evelyn,  in  his 
harg,  describes  his  visit  here,  August  1,  1655:  "  I  went  to 
forking  to  see  Mr.  Charles  Howard's  amphitheatre,  garden,  or 
ohtaire  recess,  being  fifteen  acres,  inviron'd  by  a  hill  He 
howed  us  divers  rare  plants,  caves,  and  an  elaboratory."  Au- 

^y^"^^  1672  and  1692,  describes 

v;«  ,?nl      /  f  fhnstian  Philosopher,  who,  in  this  iron  age, 
yes  up  to  that  of  the  pnmitive  times."    Here  chemistry  was 
f  wblTl    P^^f  i>  "for  the  more  commodious  prosecution 
\  he  erected  laboratories;  and  in  subterranean  gi-ots 
rmed  for  that  purpose  had  furnaces  of  different  kinds,  the 

•  Selected  and  abridged  from  Familiar  Letters 

Bttn  'an^frerf  is 'iftlK^^^^^^  .•esemblance  to  that  of  Dr.  ^yol- 

otherchemS  that  Davy  m tended  it  for  a  portraiture  of  his 
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flues  of  which  in  some  places  are  yet  to  be  seen."   Mr.  IIoa 
ard  died  iu  1714,  and  was  interred  in  a  vault  iu  Dorkii 
Church.    In  the  original  garden  at  the  Deepdene,  affixed 
some  old  brickwork  that  formed  part  of  the  laboratory, 
placed  a  tablet  bearing  the  following  tribute  to  the  PhUos 
pher's  character,  by  Lady  Burrell : 

This  votive  Tablet  is  inscribed  to  the  Memory  of  the  HonouraV 
Charles  Howard,  who  built  an  Oratory  and  Laboratory  on  this  spc 
He  died  at  the  Deepdene,  1714. 

"  If  Wortli,  if  Learning,  should  with  fame  he  crown'd, 
If  to  superior  Talents  fame  be  due, 
Let  Howard's  virtue  consecrate  the  ground 

"Where  once  the  fairest  flowers  of  Science  grew. 

Within  this  calm  retreat,  th'  illustrious  Sage 

Was  wont  his  grateful  orisons  to  pay; 
Here  he  perus'd  the  legendary  page, 

Here  gave  to  Chemistry  the  fleeting  day. 
Cold  to  Ambition,  far  from  Courts  remov'd, 

Though  qualified  to  fill  the  Statesman's  part, 
He  studied  Nature  in  the  paths  he  lov'd. 

Peace  in  his  thoughts,  and  Virtue  in  his  heart. 

Soft  may  the  breeze  sigh  through  the  ivy-boughs 
That  shade  this  humble  record  of  his  worth; 

Here  may  the  Robin  imdisturh'd  repose, 

And  fragrant  flow'rs  adorn  the  hallow'd  earth." 

In  the  picturesque  rearrangement  of  this  portion  of  t 
grounds  of  the  Deepdene,  by  the  late  Mr.  Thomas  Hope,*  and  1 
eldest  son  Mr.  Henry  Thomas  Hope,  the  present  possessor  of  t 
estate,  it  is  gratifying  to  find  that  this  interesting  memor 
of  genius  and  worth  has  been  preserved  with  reverential  cart 

The  possession  of  the  Deepdene  by  the  Howard  family  tc 
miuated  in  1792;  so  that  the  laboratory  could  scarcely  ha 
been  the  scene  of  those  important  experiments  by  which  t 
Hon.  Edward  Charles  Howard,  by  great  skill  iu  cheraistr)% 
materially  contributed  to  the  improvement  of  the  Sugar  j\Iaii 
facture.  He  resided  for  some  time  in  a  large  garden-hoi 
fronting  the  Thames,  in  Surrey-street,  Strand,  part  of  the  s 
of  Arundel  House  and  gardens ;  and  here  he  may  probal 
have  experimented  for  his  most  valuable  invention,  now  extt 
sively  used  under  the  name  of  Howard's  Vacuum-pan,  patent 
in  the  year  1 813,  being  the  most  useful  application  of  the  factth 
liquids  are  driven  ofi"  or  made  to  boil  at  lower  degrees  of  heat  wh 
the  atmospheric  pressure  is  lessened  or  removed.  This  valual 
thought  occurred  to  Mr.  Howard,  who  thereby  removed  t 
chief  difficulties  attending  the  evaporation  of  the  sacchari 
syrup.  The  saving  of  sugar  and  improvement  in  quality 
this  process  were  so  great  as  to  make  the  patent-right  whi 
secured  the  emoluments  to  the  inventor  and  others  very  valuab 

*  At  the  Deepdene,  Mr.  Hope  wrote  his  AnaaUxaius ;  and  Mr.  B.  Disraeli 
Coningshy. 
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Lord  Brougham  characterises  it  as  a  process  by  which  more 
money  has  beeu  made  in  a  shorter  time,  and  with  less  risk 
and  trouble,  than  was  ever  perhaps  gained  from  an  invention ; 
and  as  "  the  fruit  of  a  long  course  of  experiments,  in  the  pro- 
gress of  which  known  philosophical  principles  were  constantly 
applied,  and  one  or  two  new  principles  ascertained."  (The 
Objects,  Advantages,  and  Pleasures  of  Science.) 

It  is  a  curious  fact  in  scientific  discovery  that  the  most  profitable 
invention  that  was  ever  patented  in  this  or  any  other  country  acci- 
dentally arose  out  of  an  application  to  Government  to  admit  sugai*  for 
agricultural  purposes.  The  Government  applied  to  Mr.  Howard,  the 
accomplished  chemist,  to  try  some  experiments  for  the  purpose  of  as- 
certaimng  if  sugar  could  be  so  effectually  adulterated  that  it  could  not 
be  again  converted  for  culinary  uses.  For  this  purpose  he  mixed  all 
kinds  of  noxious  materials  with  it,  but  the  question  remained  whether 
they  could  be  again  separated,  and  in  the  experiments  to  ascertain  this, 
he  discovered  that  not  only  could  they  be  separated,  but  that  the  sugar 
was  better  and  purer.  Out  of  this  arose  Howard's  patent  for  sugar-re- 
fining and  the  use  of  the  vacuum-pan  ;  the  annual  net  income  of  which, 
fi-om  licenses  granted  for  its  use,  at  the  rate  of  I5.  per  cwt.,  yielded  in 
some  years  between  20,000/,  and  30,000/.  One  house  in  London  alone 
paid  4,000/.  per  annum. — Mining  Journal. 

Mr.  Howard's  claim  to  the  discovery  has,  however,  been 
disputed.  The  late  Mr.  J.  C.  Robertson,  the  originator  and 
editor  of  the  Mechanics'  Magazine,  quoted  the  above  statement 
"  simply  for  the  purpose  of  distinctly  contradicting  it  in  every 
particular,  and  of  stating,  what  probably  has  not  been  stated 
before,  but  is  nevertheless  incontrovertibly  true,  that  Mr.  How- 
ard, though  he  did  benefit  immensely  by  the  invention  in  ques- 
tion, was  not  the  real  inventor  of  it.  The  illustrious  Davy 
was  the  real  inventor,  from  whom  Howard  did  but  knowingly 
borrow  it ;  and  any  one  who  doubts  the  truth  of  this  assertion 
may  apply  to  Mr.  Children  for  his  testimony  on  this  point." 

Nevertheless,  it  is  strange  that  Davy  should  have  referred 
to  Mr.  Howard  in  eulogistic  terms,  had  he  thus  appropriated 
the  vacuum  invention ;  for  Sir  Humphry  refers  to  the  chemist 
of  his  own  time,  and  not  to  the  philosopher  of  the  Deepdene, 
who  died  early  in  the  previous  century. 

STORY  OF  THE  BLOWPIPE. 

Hitherto  we  have  spoken  but  incidentally  of  this  valuable 
instrument,  which,  until  the  year  1738,  was  used  by  jewellers 
and  others  in  soldering  metals  on  a  small  scale ;  whence  it 
derives  its  name,  in  the  German  language,  Lothrohr,  iromldthen, 
to  solder,  and  rohr,  a  tube.  In  the  above  year,  Antony  Swab, 
a  Swedish  counsellor  of  mines,  employed  the  Blowpipe  for  de- 
termining the  metals  in  the  ores  and  minei-als  ;  but  this  did 
not  receive  any  particular  attention  until  Cronstedt  proposed 
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his  system  of  mineralogy,  in  which  the  arrangement  is  d  i 
pendent  on  the  chemical  composition  of  the  minerals.  Wii  • 
the  Blowpipe,  and  the  employment  of  fluxes  in  his  experr 
ments,  he  founded  a  new  department  of  chemical  science. 

The  Blowpipe  thenceforth  became  applied  to  chemical  an  .: 
^sis,  and  the  determination  of  mineralogical  species.  }! 
Sweden,  however,  it  still  appears  to  have  been  studied  wit' 
the  greatest  success  ;  and  Gahu  exceeded  his  predecessors  ■  ? 
the  conception  and  execution  of  his  experiments.  As  an  i  .r! 
stance  of  his  power  of  detecting  metallic  bodies,  we  are  told  l  ;| 
Berzehus  that  he  had  often  seen  him  extract  from  the  ashes  \ 
a  quarter  of  a  sheet  of  paper  distinct  portions  of  copper,  ar:.] 
that  too  before  the  knowledge  of  the  occurrence  of  this  met  J 
in  vegetables  was  known  ;  and  therefore  before  he  could  haw 
been  led,  from  this  circumstance,  to  suspect  its  presence  ii 
paper.  • 

^  Gahn  left  no  account  of  his  researches  ;  but,  fortunately  fc^r 
science,  accident  threw  him  in  tne  way  of  Borzelius:  and  tl  t- 
assiduity  of  Gahn  in  this  study,  together  with  the  circumstai  tt 
ces  to  which  we  are  indebted  for  the  preservation  of  hislabour-ji 
cannot  be  better  told  than  in  the  words  of  Berzelius  himsel  U 
"  Gahn  (says  he)  was  never  without  his  blowpipe,  not  even  duiiil 
ing  his  shortest  journeys.  Every  new  substance,  or  anything  wit;| 
which  he  was  not  previously  acquainted,  was  immediately  sutSlj 
mitted  to  an  examination  before  the  Blowpipe  ;  and  it  was  it  ij 
deed  an  interesting  sight  to  observe  with  what  astouishinijl 
rapidity  and  certainty  he  was  thus  enabled  to  determine  thilj 
nature  of  a  body,  which  from  its  appearance  and  exterior  prcjij 
perties  could  not  have  been  recognised.  Through  this  constar:iiJ 
habit  of  using  the  Blowpipe,  he  was  led  to  invent  many  improve  e  t 
ments,  and  to  make  many  couveniencies,  which  he  could  ncoii 
have  at  hand,  whether  at  home  or  abroad.  He  examined  th  ia 
action  of  a  number  of  re-agents,  for  the  purpose  of  finding  nevs 
methods  of  recognising  bodies;  and  this  he  did  in  such  detai/ls 
and  conducted  his  operations  with  such  accuracy,  that  all  hi  i 
results  may  be  relied  upon  with  the  greatest  confidence.  Nevei  r  i 
theless,  it  never  occurred  to  him  to  give  a  written  descriptio  : : 
of  his  new  or  improved  methods  :  he  gave  himself,  however,  a... , 
possible  trouble  to  instruct  all  who  were  willing  to  learn,  an  ;  t 
many  foreign  men  of  science,  who  passed  sometime  with  him  5 
have  made  known  his  great  dexterity  in  this  subject ;  but  u  * 
one  has  communicated  a  perfect  knowledge  of  his  methods. 

"I  had  the  good  fortune  (adds  Berzelius),  during  the  las- 
ten  years  of  the  life  of  this,  in  many  respects,  most  remarkabl 
man,  to  enjoy  his  most  intimate  acquaintance.    He  sparec  i 
himself  no  trouble  to  communicate  to  me  all  the  results  o 
his  experience,  and  I  have  consequently  held  it  as  a  sacre( 

,t 
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duty  to  allow  nothing  of  his  experience  and  of  his  labours  to 
be  lost,"  Such,  then,  is  the  origin  of  Berzelius's  treatise  on  the 
Blowpipe,  the  highest  authority  upon  the  subject :  it  was  trans- 
lated into  English  by  Mr.  Children,  F.R.S. 

We  have  not  space  to  detail  the  phenomena  presented  by  the 
chemical  elements  and  minerals  when  experimented  on  by  the 
Blowpipe,  which,  we  may  add,  is  merely  a  brass  tube,  fitted 
with  an  ivory  mouth-piece,  and  terminated  by  a  jet  having  a 
small  aperture  by  which  a  current  of  air  is  driven  across  the 
flame  of  a  candle.    The  flame  so  produced  is  very  peculiar. 

Among  the  eminent  workers  in  the  Laboratory,  the  alchemists  of 
mediaeval  Europe  at  first  sight  seem  to  stand  in  no  true  historical  i-e- 
lation  with  the  practical  chemists  of  the  present  century.  The  seeking 
for  the  Alkahest  or  Universal  Solvent,  the  Elixir  of  Life,  and  the  Philo- 
sopher's Stone,  were  piu-suits  essentially  unlike  the  sober  and  attainable 
aims  of  our  own  positive  chemistry  ;  and  the  men  of  our  own  laborato- 
ries would  have  taken  little  interest  in  the  labours  they  involved,  had  it 
not  been  for  the  fact  that  those  old  scholastics,  chasing  images  they  were 
never  to  seize,  woi-ked  out  thousands  of  incidental  results.  If  they 
were  fond  idealists,  if  they  were  visionaries,  they  were  also  chemists  ; 
and  it  is  as  chemists  they  deserve  the  recognition  of  the  world.  They 
worked  with  water,  they  worked  with  fire ;  they  digested,  boiled,  dis- 
tilled, roasted,  burned,  smelted,  crystallised,  set  a-going  putrefactions 
and  fermentations  ;  in  short,  they  put  in  operation  the  same  sorts  of 
processes  upon  the  same  sorts  of  stufi"  as  oui-selves.  Following  their 
hereditary  and  antique  elemental  ideas,  they  were  the  first  discoverers 
of  those  material  principles  and  compounds  which  are  commonly  called 
chemicals  ;  and  the  really  great  men  among  the  alchemists  were  the 
busy  students  of  such  chemical  reactions  as  could  then  be  brought 
within  the  reach  of  the  experimentalist,  and  made  no  personal  preten- 
sions to  the  Stone. 

Soon  after  the  time  of  Paracelsus,  the  alchemical  theory  and  the 
alchemical  practice  of  genuine  observation  in  the  laboratory  fell  asunder. 
The  orient  al  departed,  and  left  chemistry  to  pursue  its  own  fortunes. 
The  ancient  eastern  element  did  not,  however,  at  once  disappear  from 
the  earth  ;  for  it  retained  its  devotees,  no  longer  respectable,  because 
behind  their  age,  till  the  present  century.  On  the  other  hand,  those 
who  chose  the  path  of  true  chemistry  addicted  themselves  with  zeal  to 
the  finding  out  of  all  sorts  of  new  chemicals  and  chemical  reactions.  To 
the  positive  labours  of  the  laboratory  there  quickly  succeeded  a  re- 
markable extension  of  practical  or  concrete  chemistry ;  and  the  num- 
ber of  solid  and  liquid  bodies,  curious  for  their  aspects  or  for  their  pro- 
perties as  chemical  re-agents,  acids,  alkalies,  salts,  mixts,  caJxes, 
precipitates,  sublimates,  essences,  oils,  butters,  and  spirits,  which  were 
brought  out  of  nature  at  this  period  was  astonishing.  It  is  impos- 
sible, indeed,  for  the  most  positive  and  the  least  speculative  of  the 
chemists  of  the  present  day,  were  it  even  a  Rose  and  his  platinum  cru- 
cible, or  a  Piattner  with  his  blowpipe,  to  over- value  the  amount  of  plain, 
honest,  and  sufiicient,  though  merely  preliminary,  work  that  was  done 
between  the  apotheosis  of  alchemy  and  the  ascension  of  the  phlogistic 
chevaists.— Selected  and  abridged  from  the  NoHh  British  Review,  No.  35. 
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WHAT  AEE  CHEMICAL  INVENTIONS  ? 

Davy  makes  one  of  the  characters  in  his  Dialogue,  "The 
Chemical  Philosopher,"  thus  eloquently  recapitulate  the  in- 
valuable benefits  of  applied  chemistry  to  the  arts  of  life. 

You  will  allow  that  the  rendering  skins  insoluble  in  water  by  com- 
bining with  them  the  astringent  principle  of  certain  vegetables  is  a 
chemical  invention,  and  that  without  leather  our  shoes,  our  carriages, 
our  equipages  would  be  very  ill  made.  You  will  pei-mit  me  to  say,  that 
the  bleaching  and  dyeing  of  wool  and  silk,  cotton  and  flax,  are  chemi- 
cal processes  ;  that  the  working  of  iron,  copper,  tin,  and  lead,  and  the 
other  metals,  and  the  combining  them  in  different  alloys,  by  which  al- 
most all  the  instruments  necessary  for  the  turner,  the  joiner,  the  stone- 
mason, the  ship-builder,  and  the  smith  are  made,  are  chemical  inven- 
tions ;  even  the  press  could  not  have  existed  in  any  state  of  perfection 
without  a  metallic  alloy  ;  the  combining  of  alkali  and  sand,  and  certain 
clays  and  flints,  together,  to  form  glass  and  porcelain,  is  a  chemical 
process;  the  colours  which  the  artist  employs  to  frame  resemblances  of 
natural  objects,  or  to  create  combinations  more  beautiful  than  ever  ex- 
isted in  nature,  are  derived  from  chemistry.  In  short,  in  every  branch 
of  the  common  and  fine  arts,  in  every  department  of  human  industry, 
the  influence  of  this  science  is  felt ;  and  we  see  in  the  fable  of  Prome- 
theus taking  the  flame  from  heaven  to  animate  his  man  of  clay  an  em- 
blem of  the  efiects  of  fire  in  its  application  to  chemical  purposes,  in 
creating  the  activity  and  almost  the  life  of  civil  society. 

PKOPERTIES  OF  GUNPOWDER. 

Upon  reference  to  the  relative  proportions  of  ingredients  in 
ancient  Gunpowders, — for  example,  those  given  by  Tartaglia, 
about  three  centuries  since, — they  will  be  found  to  yield  powder 
scarcely  more  powerful  than  the  composition  of  a  squib,  and  al- 
together inapplicable  to  the  exigencies  of  modern  warfare.  This 
did  not  arise  from  ignorance  of  better  proportions ;  but  it  is  con- 
jectured that  the  guns  were  then  so  weak  that  stronger  powder 
would  have  destroyed  them.  No  doubt  the  proper  ratio  of  ingre- 
dients to  form  good  Gunpowder  can  be  determined,  cLpriori,  from 
a  consideration  of  chemical  laws  ;  yet  it  is  a  remarkable  fact, 
that  some  time  before  chemistry  was  thus  far  advanced,  manu- 
facturers had,  by  dint  of  mere  experience,  discovered  the  best 
proportions.  Modern  chemistry,  therefore,  in  this  respect,  can 
afford  them  no  aid.    The  last  great  improvement  in  Gunpowder 
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consists  in  what  is  tenned  "  cylinder"  charcoal,  whereupon 
the  resulting  material  acquired  so  much  additional  strength 
that  the  proportion  of  charges  used  for  ordnance  was  m  con- 
sequence reduced  nearly  one-third. 

If  Gunpowder,  as  now  prepared,  have  any  fault,  it  consists 
in  being,  for  ordinary  purposes,  rather  too  strong.  Were  it 
desirable,  its  strength,  by  a  trifling  change  in  the  manipulation, 
might  be  still  further  increased,  without  any  alteration  of  the 
ingredients  or  their  proportions  :  indeed,  Sir  William  Congreve 
actually  made  some  Gunpowder  in  this  manner ;  but  it  was 
found  to  explode  on  percussion,  besides  being  in  other  respects 
highly  dangerous. 

The  enormous  force  of  inflamed  Gunpowder  depends  on  the 
evolution  of  various  gases,  the  volume  of  which,  when  cooled, 
it  is  easy  enough  to  determine ;  but  at  the  moment  of  their 
formation  they  are  vastly  dilated  by  heat,  so  that  their  actual 
effective  volume  and  pressure  cannot  be  justly  ascertained.  It 
has  been  pretty  correctly  found  that  a  cubic  inch  of  Gunpowder 
is  converted  by  ignition  into  250  cubic  inches  of  permanent 
gases,  which,  according  to  Dr.  Button,  are  increased  in  volume 
eight  times  at  the  time  of  their  formation  by  the  expansive 
influence  of  heat.  Assuming  these  data  to  be  true,  and  they 
have  been  tolerably  well  verified,  confined  and  ignited  Gun- 
powder will  exert,  at  least,  a  force  of  2000  lbs.  on  every  square 
inch  opposed  to**its  action. 

The  proportions  of  the  three  ingredients  now  universally 
adopted  in  this  country  in  the  manufacture  of  every  100  lbs. 
of  Gunpowder  are  : 

Saltpetre  77J  lbs. 

Sulphur  lOj 

Charcoal  16 

Total      .      .  104 

The  extra  4  lbs.  being  allowed  for  waste. 

The  atomic  composition  which  approaches  nearest  to  that 
of  Gunpowder  is,  1  equivalent  of  nitre,  1  of  sulphur,  and  3  of 
carbon,  or, 

Saltpetre  74'6 

Sulphui'  11  "9 

Charcoal  13-5 

1000 

The  theoiy  of  the  combustion  of  Gunpowder  is  this :  the 
sulphur  accelerates  deflagration  and  supplies  heat ;  the  nitre 
supplies  oxygen  and  nitrogen  gases ;  and  the  carbon,  by  its 
strong  afl&nity  for  oxygen,  promotes  the  decomposition  of  the 
liitre,  combining  with  its  oxygen  so  as  to  produce  carbonic-acid 
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gas.    The  sulphur  melts  at  226^  and  under  280^  forms  a  clear 
liquid  of  an  amber  colour,  and  below  60U'  it  inflames.    lu  the 
decomposition  of  Gunpowder  by  explosion,  the  sulphur  com- 
bines vvith  the  base  of  the  potash  to  form  a  solid  residuum  a 
sulphide  of  potassium  ;  whilst  three  equivalents  of  carbonic  acid 
and  one  of  nitrogen  are  the  gaseous  products, 
_   Professor  Bunsen,  however,  has  found  that  the  decomposi- 
tion which  occurs  in  an  explosion  is  by  no  means  so  simple  as 
was  formerly  supposed.  Besides  the  usual  products  of  carbonic 
acid,  carbonic  oxide,  nitrogen,  and  sulphide  of  potassium 
Bunsen  shows  the  presence  of  hydrogen,  oxides  of  nitrogen 
cyanide  of  potassium,  sulpho-cyanide  of  potassium,  sulphate 
and  carbonate  of  potash,  and  various  other  salts. 

Mr.  Faraday,  in  a  paper  read  to  the  Royal  Institution, 
dwells  on  the  great  importance  of  time  in  producing  the  etfeccs 
of  Gunpowder.  Contrasting  its  action  witli  that  of  fulminating 
mercury,  or  of  those  more  fearfully  explosive  compounds 
the  chlorides  of  nitrogen  and  iodine,  Mr.  Faraday  shows,  that 
if  the  explosion  of  Gunpowder  were  instantaneous,  it  would  be 
useless  for  all  its  present  applications.  As  it  is,  however, 
whenever  Gunpowder  is  fired  in  the  chamber  of  a  gun,  it  does 
not  arrive  at  the  full  intensity  of  its  action  until  the  space  it 
occupies  has  been  enlarged  by  that  through  which  the  ball  has 
been  propelled  during  the  first  moment  of  ignition.  Its  ex- 
pansive force  is  thus  brought  down  and  kept  below  that  which 
the  breech  of  the  gun  can  bear,  whilst  an  accumulating,  safe, 
and  efficient  momentum  is  communicated  to  the  ball,  producing 
the  precise  effects  of  gunnery. 

This  manageable  action  is  contrasted  by  Faraday  with  the 
effect  of  a  morsel  of  iodide  of  nitrogen  put  upon  a  plate,  and 
exploded  by  being  touched  with  the  extremity  of  a  long  stick. 
The  parts  immediately  in  contact  with  the  iodide  were  shat- 
tered, i.  e.  the  end  of  the  stick  was  shivered,  and  the  spot  in 
the  plate  covered  by  that  substance  was  drilled  as  if  a  bullet 
had  been  fired  through  it ;  yet  no  tendency  to  lift  the  stick  was 
felt  by  the  hand,  whereas  tlie  comparatively  gradual  action  of 
Gunpowder  lifts  and  projects  those  weaker  substances,  wadding 
and  shot,  which  give  way  before  it  * 

It  has  been  shrewdly  remarked  that  Gunpowder  was  invented  by  a 

*  See  "  Invention  of  Gunpowder,"  Things  not  generally  Known,  First  Series, 
p.  209.  Few  people  are  aware  of  the  eiioj  nious  quantity  of  gunpowder  used  for 
military  purpo.ses.  At  the  siege  of  Ciudad  Ilodi  itro,  in  January  181-'.  74,978  lbs. 
of  gunpowder  were  consumed  in  thirty  hours  and  a  half ;  at  the  storming  of  Bada- 
joz,  228,830  lbs.  in  104  hours,  and  this  from  tlie  great  guns  only.  At  the  first 
and  second  sieges  of  San  Sebastian  502,110  lbs.  were  used ;  and  at  the  siege  of 
^arllgossa  the  French  exploded  45,000  lbs.  in  the  mines,  and  threw  16.000  shells 
during  the  bombardment.  One  day  of  the  war  In  the  Crimea,  the  Kussians  in 
Sobastopol  discharged  13,000  rounds  of  shot  and  shell,  the  only  result  of  which 
was  three  men  wounded/ — 2few  Quarterly  Jiemew: 
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priest,  and  Printing  by  a  soldier.  The  manufKcture  of  Gunpowder  was 
also  improved  by  a  Bishop  of  Llandafif,  Dr.  Watson,  who,  for  his  inge- 
nuity,, was  one  day  twitted  at  Com-t  by  George  III. 

When  Watson  was  unanimously  elected  by  the  senate  to  the  Pro- 
fessorship of  Chemistry,  in  the  University  of  Cambridge,  in  1764,  he 
hiew  notking  of  chemistry  whatever  ;  but  he  did  not  disappoint  the  con- 
fidence that  was  felt  by  himself  and  others  in  his  ardour,  application, 
and  quickness  of  comprehension.  With  the  assistance  of  an  operator, 
whom  he  sent  for  immediately  from  Paris,  and  by  immuring  himself  in 
his  laboratory,  he,  in  about  fourteen  months,  was  enabled  to  read  his 
first  course  of  lectures,  which  were  very  successful.  He  was  a  Fellow 
of  the  Royal  Society,  and  contributed  many  chemical  papers  to  their 
Transactions ;  he  also  wrote  and  published  six  volumes  of  Chemical 
Essays,  which  were  long  very  popular. 

ANCIENT  SUGAE. 

Dioscorides  is  said  to  be  the  first  v\rriter  v?ho  used  the  word 
Saccharum,  or  Sugar,  which  he  describes  as  a  sort  of  concrete 
honey,  found  upon  canes  in  India  and  Arabia  Felix  :  "  it  is  in 
consistence  like  salt,  and  it  is  brittle  between  the  teeth  like 
salt."  Seneca  describes  it  also  as  concrete  cane-juice.  Pliny 
speaks  of  sugar  as  brought  from  Arabia,  and  better  from  India. 
"  It  is,"  he  says,  "  honey  collected  from  canes,  like  a  gum, 
white  and  brittle  between  the  teeth ;  the  largest  is  the  size  of 
a  hazel-nut.  It  is  used  in  medicine  only."  Galen,  in  the  second 
century,  describes  sugar  almost  identically  with  Dioscorides,  ex- 
cepting that  he  says  nothing  of  its  brittleness  and  resemblance 
to  salt.  In  the  seventh  century,  however,  Paulua  jEgineta 
specifies  sugar  as  "  the  Indian  salt,  in  colour  and  form  like 
common  salt,  but  in  taste  and  sweetness  like  honey."  He  re- 
commends that  a  piece  be  kept  in  the  mouth,  to  moisten  it, 
during  fevers  j  from  which  it  may  be  supposed  that  the  sugar 
then  known  was  in  the  form  of  candy. 

Thus  it  appears  that  sugar  was  known  as  early  as  the 
Christian  era  ;  and  that  its  origin  was  very  imperfectly  under- 
stood by  ancient  Greek  and  Roman  writers.  It  is  probable 
that  the  white  sugar-candy  of  China,  which  has  been  very  long 
celebrated  for  its  excellence,  was  the  Indian  salt  of  the  Roman 
authors. 

The  historians  of  the  Crusades  describe  sugar-cane  as  met 
with  by  the  Crusaders  in  Syria;  and  one  of  "these,  Albertua 
Agensis,  about  1108,  says  that  "  sweet  honeyed  reeds,"  called 
Zucra,  were  found  in  great  quantity  in  the  meadows  about 
Tripoli,  and  were  sucked  by  the  Crusaders'  army.  He  describes 
the  husbandmen  as  bruising  the  plant,  when  ripe,  in  mortars, 
and  setting  by  the  strained  juice  in  vessels  till  it  is  concreted 
in  the  form  of  snow,  or  of  white  salt:  this  being  the 
oldest  mention  extant  of  the  process  of  extracting  sugar 
from  the  cane ;  and  the  same  author  records  in  1110  the  cap- 
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ture  by  the  Crusaders  of  eleven  camels  laden  with  sugar.  Other 
authorities,  however,  consider  sugar  to  have  been  cultivated  in 
modern  Europe  antecedently  to  the  above  date,  as  well  as  im- 
ported by  the  Venetians,  from  the  Levant  :  it  was  certainly 
imported  into  Venice  as  early  as  991.  The  cane  is  supposed  to 
have  been  first  planted  in  Valencia.  The  manufacture,  derived 
originally  from  China  and  India,  was  introduced  into  the 
western  world  by  the  Spanish  and  Portuguese. 

Refined  sugar  has  been  used  in  England  for  four  centuries  ; 
since  we  find  Margaret  Paston  (in  the  celebrated  Paston  Letters) 
writing  to  her  husband  from  Norwich  thus  :  "  I  pray  that  ye 
will  vouchsafe  to  send  me  another  sugar-loaf,  for  my  old  one  is 
done. " 

To  the  honey,  grape,  manna,  and  fruit  sugars,  wHch  were  the  piin- 
cipal  sweets  of  the  ancient  world,  we  now  add  the  cane,  maple,  beet, 
maize,  and  palm  sugars.  We  manufacture  sugar  also  from  potatoes' 
and  other  substances  rich  in  starch  ;  from  sea-weeds  gathered  from  the 
shore  ;  even  from  saw-dust  when  an  emergency  arises  ;  and  we  extract 
it  from  the  milk  of  our  domestic  cattle.  It  has  become  to  us,  in  con- 
sequence, almost  a  necessary  of  life.  We  consume  it  in  millions  of  tons ; 
we  employ  thousands  of  ships  in  transporting  it.  Millions  of  men 
spend  their  lives  in  cultivating  the  plants  from  which  it  is  extracted, 
and  the  fiscal  duties  imposed  upon  it  add  largely  to  the  revenue  of 
nearly  every  established  government.  It  may  be  said,  therefore,  to 
exercise  a  more  direct  and  extended  influence,  not  only  over  the  social 
comfort,  but  over  the  social  condition,  of  mankind  than  any  other 
production  of  the  vegetable  kingdom,  with  the  exception,  perhaps,  of 
cotton  alone. — J.  F.  W.  Johnston,  M.A. 

COMPOSITION  OF  SUGAR. 

Every  variety  of  sugar  is  made  up  of  carbon,  hydrogen,  and 
oxygen,  in  various  proportions.  The  one  remark  applies,  how- 
ever, to  all, — that  the  carbon  and  hydrogen  exist  in  the  exact 
proportion  to  form  water;  moreover,  no  variety  of  sugar  contains 
nitrogen  :  this  latter  fact  is  expressive  of  the  purpose  which 
sugar  subserves  when  taken  as  an  aliment.  It  is  unable  to 
contribute  nitrogen  to  the  animal  economy  ;  but  it  powerfully 
contributes  to  the  fixation  of  carbon  in  the  form  of  fat,  besides 
contributing  to  the  animal  temperature  by  the  combustion  of 
another  portion  of  carbon. — Brande's  Lectures. 

SUGAK  MANUFACTUEE. 

In  every  case,  one  object  is  paramount,  the  removal  of  im- 
purities. This  is  done  through  the  agencies  of  lime-water  and 
bullock's  blood.  The  real  use  of  lime-water  appears  to  be  this, 
— the  lime  forms  a  chemical  union  with  various  colouring 
matters  existing  in  Muscovado  sugar,  and  yields  a  flocculent 
precipitable  substance,  which,  being  subsequently  enveloped 
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in  the  nlbumen  of  the  blood- serum,  coagulated  by  heat,  rises  to 
the  surface  in  a  scum,  and  may  be  removed. 

Perhaps  no  agent  is  so  effectual  as  the  subacetate  of  lead. 
Chemists  have  long  been  aware  of  this  fact,  but  they  could  not 
separate  the  excess  of  subacetate  of  lead,  which  is  poisonous, 
without  injuring  the  sugar  at  the  same  time.  Dr.  Scoffem 
accomplished  this  result  ingeniously  and  effectively  by  means 
of  sulphurous-acid  gas,  which  being  transmitted  through  the 
leaded  sugar  solution  by  means  of  a  forcing-pump,  every  portion 
of  lead  is  removed.  Professor  Brande  believes  the  means  of 
extracting  the  last  portions  of  lead  by  Dr.  Scoffern's  process  to 
be  infallible,  and  that  they  involve  no  greater  amount  of  difla- 
culty  or  skill  than  may  be  commanded  by  every  sugar  manu- 
facturer who  chooses  to  devote  adequate  attention  to  the 
subject. 

The  vacuum-pan,  and  other  improvements  by  the  Honour- 
able Mr.  Howard  in  the  manufacture  of  sugar,  have  already 
been  noticed  (see  page  182).  The  injurious  effect  of  heat  upon 
sugar  might  in  great  measure  be  prevented.  The  production 
of  molasses  in  the  rude  colonial  manufacture  is  chiefly  the  re- 
sult of  the  high  and  long- continued  heat  applied  to  the  cane- 
juice,  and  might  be  almost  entirely  prevented  by  the  use  of 
vacuum-pans  ;  the  product  of  sugar  being  thereby  greatly  in- 
creased in  quantity,  and  so  far  improved  in  quality  as  to  become 
almost  equal  to  the  refined  article.  Indeed,  it  may  be  said, 
that  no  branch  of  our  manufacture  depends  more  directly  upon 
chemical  research,  and  the  diffusion  and  application  of  chemical 
knowledge,  than  the  manufacture  of  sugar. 

The  root  of  the  Beet  contains  often  as  much  as  a  tenth  part 
of  its  weight  of  sugar.  By  squeezing  out  the  juice,  or  dissolv- 
ing out  the  sugar  from  the  sliced  root  and  boiling  down  the 
solution,  the  raw  sugar  is  obtained.  It  then  possesses  an  un- 
pleasant flavour,  derived  from  the  beet- root;  but  when  refined 
it  is  scarcely  distinguishable  from  cane  sugar. 

At  an  average  of  3  tons  an  acre  of  sugar  and  molasses,  it 
requires  upwards  of  130,000  acres  of  rich  land  to  produce  the 
sugar  yearly  consumed  in  the  British  Islands  ! 

Formerly,  when  sugar  was  much  dearer  than  at  present,  it 
was  extensively  adulterated  with  an  inferior  description  of 
sugar  made  from  potato-starch  by  the  action  upon  it  of  dilute 
sulphuric  acid.  But  this  adulteration  has,  we  believe,  ceased. 
Dr.  Pereira,  on  inspecting  an  extensive  manufactory  at  Strat- 
ford in  Essex,  found  that  the  potato-sugar  was  used  for  mixing 
with  broAvn  sugar,  and  the  molasses  produced  was  consumed 
in  an  oxalic-acid  manufactory.  Sugar  has  also  been  extracted 
from  diseased  potatoes  without  the  disease  touching  the  starch. 

Sugar  is  phosphorescent,  when  two  pieces  are  rubbed  to- 
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gether  m  the  dark  ;  when  exposed  to  a  high  temperature,  sugar' 
uudergoes  decomposition,  yielding  various  gaseous  products 
and  leaving  a  large  proportion  of  charcoal,  on  account  of' 
which  l-l(JOth  of  a  grain  of  sugar  is  capable  of  imparting  colour 
to  an  ounce  of  sulphuric  acid. 

A  detonating  sugar  has  been  obtained  by  means  similar  to  the 
mode  of  preparing  gun-cotton  :  when  suddenly  heated  to  red- 
ness, this  sugar  explodes  like  gunpowder. 


HOW  TO  OBTAIN  SUGAR  FROM  RAGS. 

A  curious  and  interesting  experiment  may  be  made  by  very 
slowly  adding  concentrated  sulphuric  acid  to  half  its  weight  of 
lint,  or  linen  cut  into  small  shreds,  triturating  them  in  a  mortar, 
and  leaving  the  mixture  to  stand  for  a  few  hours  ;  after  which 
it  is  to  be  rubbed  up  with  water,  and  warmed  and  filtered. 
The  solution  may  then  be  neutralised  with  chalk,  and  again 
filtered.  The  gummy  liquid  retains  lime,  partly  in  the  state  of 
sulphate,  and  partly  in  combination  with  a  peculiar  acid,  com- 
posed of  the  elements  of  sulphuric  with  those  of  the  lignine, 
to  which  the  name  Sulpho-lignic  Acid  is  given.  If  the  liquid, 
previous  to  neutralisation,  be  boiled  three  or  four  hours,  and 
the  water  replaced,  acid  evaporates,  and  the  dextrine  becomes - 
entirely  changed  to  grape  sugar.  Linen  rags  may  by  this- 
means  be  made  to  furnish  more  than  their  own  weight  of  that 
substance. 

SUGAR  AND  THE  TEETH. — TEETH  PARASITES. 

M.  Larez,  of  France,  has  proved  that  sugar,  from  either 
cane  or  beet,  is  injurious  to  healthy  teeth,  either  by  immediate 
contact  with  them  or  by  the  gas  developed  owing  to  its  stop- 
page in  the  stomach.  If  a  tooth  is  macerated  in  a  saturated 
solution  of  sugar,  it  becomes  gelatinous,  and  its  enamel  opaque, 
spongy,  and  easily  broken.  This  modification  is  due,  not  to 
free  acid,  but  to  a  tendency  of  sugar  to  combine  with  the  cal- 
careous basis  of  the  teeth. 

Dr.  J.  H.  Bowditch,  of  the  United  States,  having  examined 
with  a  microscope  matter  deposited  on  the  teeth  and  gums  of 
more  than  forty  individuals,  selected  from  different  classes  of 
society,  and  in  every  variety  of  bodily  condition,  in  nearly 
every  case  he  discovered  animal  and  vegetable  parasites  ini 
great  numbers  ;  in  fact,  the  only  persons  whose  mouths  were, 
found  to  be  entirely  free  from  these  parasites  cleaned  their r 
teeth  four  times  daily,  using  soap  once.    Among  the  various- 
agents  applied  were  tobacco  juice  and  smoke,  which  do  uoti 
impair  the  vitality  of  the  parasites  j  nor  does  chlorine  tooth-  • 
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wash,  pulverised  bark,  soda,  ammonia,  <fec.  Soap,  however, 
pure  white  soap,  destroys  the  parasites  instantly. 

It  has  been  asked,  in  Notes  and  Queries,  Did  the  Greek  surgeons  ex- 
tract teeth  t — to  which  Mr.  George  Hayes  has  replied,  that  on  one  of  the 
ornaments  found  in  some  ancient  buildings  in  the  Crimea  is  represented 
a  surgeon  drawing  a  tooth  from  the  mouth  of  one  of  the  barbarian 
royalties.  "  This,"  says  Mr.  Hayes,  "  I  think  establishes  the  fact  that 
there  were  then  peripatetic,  either  Egyptian  or  Greek,  dentists,  who 
resorted  to  distant  countries  to  practise  their  art."  It  is  believed  this  is 
the  only  representation  of  a  surgical  operation  to  be  met  with  on  ancient 
sculpture. 

HOW  THE  BEE  MAKES  HONEY. 

The  honey  is  formed  or  naturally  deposited  in  the  nectaries 
of  flowers,  and  is  extracted  from  them  by  the  working  bees. 
They  deposit  it  in  their  crop  or  honey-bag,  which  is  an  expan- 
sion of  the  gullet  (oesophagus),  and  from  this  receptacle  they 
disgorge  it  again  when  they  return  to  the  hive.  In  the  inter- 
val, it  is  probably  somewhat  altered  by  admixture  with  the 
liquids  which  are  secreted  in  the  mouth  and  crop  of  the  in- 
sect ;  so  that  the  honey  we  extract  from  the  hive  may  not  be 
exactly  in  the  same  chemical  condition  as  when  it  was  sucked 
up  by  the  bee. — ./.  F.  W.  Johnston. 

COMPOSITION  OF  BELL-METAL. 

This  consists  generally  of  from  five  to  three  of  copper  to 
one  of  tin ;  all  alloys  of  this  kind  being  technically  called  bell- 
metal,  whatever  purpose  they  may  be  used  for,  just  as  the 
softer  alloys  of  eight  or  ten  to  one  are  called  gun-^netal,  and 
the  harder  and  more  brittle  alloy  of  two  to  one  is  called  specii- 
lum-metal.  Other  metals  and  alloys  have  been  suggested  for 
bells :  as  aluminium,  pure  or  alloyed  with  copper;  cast  steel, 
the  iron  and  tin  alloy  called  union-metal,  and  perhaps  we 
may  add  glass.  Now  aluminium  is  about  fifty  times  as  dear 
as  copper,  even  reckoning  by  bulk,  and  much  more  by  weight. 
Steel  bells  are  said  to  be  harsh  and  disagreeable,  and  the  same 
is  said  of  union-metal.  The  sound  of  glass  is  very  weak. 
Much  has  been  said  of  silver  in  bells ;  but  it  is  purely  a  poetical, 
not  a  chemical,  ingredient  of  any  known  bell-metal,  and  there 
IS  no  foundation  whatever  for  the  vulgar  notion  that  it  was 
used  in  old  bells,  nor  the  least  reason  to  believe  that  it  would 
do  any  good  :  silver  has  been  put  into  the  pot  in  a  bell-foundiy 
m  our  time  without  producing  any  particular  effect ;  and  we 
can  determine  for  ourselves  that  a  silver  cup  makes  a  worse 
l)ell  than  a  cast-iron  saucepan. 

Dr.  Percy  has  cast  several  small  bells  of  different  alloys 
besides  the  iron  and  tin  just  mentioned.    One  of  iron,  95* 
and  antimony,  6,  differs  but  little  from  that  of  iron  and  tin 
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of  the  same  proportions,  and  is  clearly  not  so  good  as  copper 
and  tin.  It  should  be  mentioned  that  antimony  is  generally 
considered  to  produce  an  analogous  effect  to  tin  in  alloys 
but  always  to  the  detriment  of  the  metal  in  point  of  tenacity 
and  strength.  Again,  a  bell  of  copper,  88'65,  and  phosphorus, 
11-35,  makes  a  very  hard  compound,  capable  of  a  fine  po- 
lish, but  more  brittle  than  bell-metal,  and  inferior  in  sound 
even  to  the  iron  alloys.  Copper,  20-14,  and  aluminium,  9-86, 
which  makes  the  aluminium  bear  about  the  same  proportion 
in  bulk  as  the  tin  usually  does,  seems  more  promising.  This 
alloy  exceeds  any  bell-metal  in  strength  and  toughness,  and 
polishes  like  gold;  and  it  is  superior  to  every  thing  except 
gold  and  platinum  in  its  resistance  to  the  tarnishing  effects  of 
the  air.  But  this  alloy  will  not  stand  for  a  moment  against 
the  old  copper-and-tin  alloys  for  bells.  A  brass  bell  is  better 
than  the  phosphorus  and  aluminium  alloys,  though  inferior  to 
bell-metal. 

M.  Deville,  of  Paris,  has  cast  a  bell  of  aluminium,  from  a 
drawing  of  our  great  Westminster  bell  reduced  to  six  inches 
diameter.  He  has  also  turned  the  surface,  which  improves 
the  sound  of  small  bells  where  the  small  unevennesses  of  cast- 
ing bear  a  sensible  proportion  to  the  thickness  of  the  metal. 
Still  the  sound  exceeds  all  others  in  badness. 

The  question  remains.  What  are  the  best  proportions  for 
the  copper  and  tin  alloy,  so  as  to  give  the  strongest,  clearest, 
and  best  sound  possible  %  They  have  varied  from  something 
less  than  three  to  something  more  than  four  of  copper  to  one 
of  tin,  even  disregarding  the  bad  bells  of  modern  times,  some 
of  which  contain  no  more  than  ten  per  cent  of  tin  instead  of 
from  one-fifth  to  one-fourth,  and  no  less  than  ten  per  cent  it. 
of  zinc,  lead,  and  iron  adulteration.  | 

From  various  experiments,  it  has  been  found  that  the  best  I 
metal  for  the  purpose  is  that  which  has  the  highest  specific  i 
gravity  of  all  the  mixtures  of  copper  and  tin.  It  is  clear, 
however,  that  the  copper  now  smelted  will  not  carry  so  much 
tin  as  the  old  copper  did,  without  making  the  alloy  too  brittle 
to  be  safely  used .  It  has  been  found  that  the  three-to-one  alloy, 
even  melted  twice  over,  had  a  conchoidal  fracture  like  glass, 
and  was  very  much  more  brittle  than  22  to  7  twice  melted,  or 
7  to  2  once  melted  ;  accordingly  the  metal  used  for  the  West- 
minster bells  is  22  to  7  twice  melted  ;  or,  reducing  it  for  con- 
venience of  comparison  to  a  percentage,  the  tin  is  21 '1  of  the 
alloy  (not  of  the  copper),  and  the  copper  75-86.  This  22  to  7 
mixture,  or  even  3^  to  1,  which  is  probably  the  best  propor- 
tion to  use  for  bells  made  at  one  melting,  is  a  much  "higher" 
metal,  as  they  call  it,  than  the  modern  bell-founders,  either 
English  or  French,  generally  use.    Mr.  E.  B.  Denisou,  JVl.A., 
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the  founder  of  the  Westminster  palace  clock  and  peal  bells,  and 
the  author  of  the  paper  whence  most  of  these  facts  are  derived, 
advises  every  person  who  makes  a  contract  for  bells  to  stipu- 
late that  they  shall  be  rejected  if  they  are  found  on  analysis 
to  contain  less  than  22,  or,  at  any  rate,  21  per  cent  of  tin,  or 
more  than  2  per  cent  of  any  thing  but  copper  and  tin. 

GLASS-MAKING. 

Upon  no  branch  of  invention  have  the  researches  into  Egyp- 
tian antiquities  thrown  a  stronger  light  than  upon  Glass-mak- 
ing. Thus,  the  discovery  of  a  glass  bead,  with  the  name  of  a 
Pharaoh  of  the  eighteenth  dynasty,  proves  glass-blowing  to 
have  been  known  upwards  of  3200  years  ago.  Wilkinson, 
found  at  Beni  Hassan  two  paintings  of  glass-blowers  at  work  ; 
and  from  the  hieroglyphics  accompanying  them,  they  are  shown 
to  have  been  executed  3500  years  ago.  The  use  of  glass  bottles 
is  also  shown  by  far  older  paintings  than  the  above. 

"  Glass  (says  Sir  Gardner  Wilkinson)  was  applied  to  many 
uses  by  the  Egyptians,  who  were  always  celebrated  for  their 
skill  in  its  manufacture  :  natron,  or  subcarbonate  of  soda,  a 
native  production  in  different  parts  of  the  country,  was  the  very 
substance  most  likely  to  lead  to  its  invention,  or  rather  to  its 
accidental  discovery  ;  and  it  is  far  more  reasonable  to  suppose 
that  this  would  have  been  made  where  natron  abounded  than 
from  a  fire  once  accidentally  lighted  on  the  sea-shore  by  some 
Phoenicians  who  happened  to  be  carrying  a  cargo  of  natron." 
{The  Egyptians  in  the  time  of  the  Pharaohs,  p.  86.) 

It  is  a  curious  fact  in  the  history  of  discovery,  that  the  manu- 
facture of  Glass  is  unknown  at  Sidon,  in  Syria,  not  far  from 
Belus,  where  the  above  accidental  discovery  is  laid.  Anciently, 
however,  Sidon  was  famous  for  its  glass  articles. 

The  claims  of  glass  to  be  ranked  as  a  strictly  chemical  com- 
bination, illustrated  by  Faraday,  will  be  found  noticed  in 
Things  not  generally  Enow7i,  First  Series,  p.  211. 

Although  perfectly  transparent  itself,  not  one  of  the  mate- 
rials of  which  glass  is  made  partakes  of  that  quality  ;  a  combi- 
nation, which  may,  at  the  period  of  its  invention,  have  been  as 
astounding  as  the  identity  of  carbon  and  the  diamond,  estab- 
lished by  the  chemical  philosopher  of  our  own  time. 

The  obtaining  of  achromatic  (so  as  to  remedy  aberration  of 
colour)  flint-glass  has  long  been  a  difficulty  with  the  scientific 
maker.  Mr.  Apsley  Pellatt,  some  years  since,  constructed  a  small 
furnace  to  try  the  principle  of  agitating  fused  flmt-glass  by  a 
covered  rotating  pot,  with  one  or  more  interior  divisions;  and 
this  mode  of  subjecting  the  glass  to  a  uniform  intensity  of  heat 
and  agitation  destroys  the  striae,  or  cords,  without  exposing 
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the  contents  to  the  cooling  effects  of  the  atmospheric  air.    I\Ir,  ( 
Peliatt  maintains  that  there  would  he  no  difficulty  in  ensuriu'T  < 
good  achromatic  flint-glass,  could  the  manufacturer  anticipate  } 
a  fair  remujicrative  price  and  demand,  after  having  succeeded  , 
in  obtaining  the  quality.    Probably,  he  could  only  sell  600  » 
cwt.  per  annum,  were  he  to  supply  all  the  opticians  in  Great  > 
Britain,  which,  at  ten  times  the  price  of  ordinary  flint-glass,  • 
would  scarcely  be  remunerative.    The  quality  of  optic  plate  is 
uncertain  ;  and  if  unfit  for  the  optician,  it  becom' s  valueless  to 
the  mamifiicturer  for  other  purposes.    As  an  aff"air  of  science 
and  merit,  especially  were  a  Government  premium  offered  for 
a  uniformly  certain  process,  which  has  not  yet  been  accom- 
plished at  home  or  abroad,  it  is  anticipated  that  English  ma- 
nufacturers would  rival  foreigners  in  this  field  of  honourable 
competition. 

"  The  manipulatory  operations  of  glass-making  are  dissimi- 
lar to  casting  metals  of  any  kind.  Scarcely  any  advance  in  this 
department  of  the  manufacture  has  been  made  for  above  two 
hundred  years  ;  and  the  tools  then  used  for  blowing  and  shap- 
ing the  various  articles  have  been  but  little  improved.  There 
can  scarcely  be  chemically,  and  in  reference  to  the  preparation 
of  the  crude  materials,  a  manufacture  of  greater  simplicity,  or 
of  easier  management,  than  that  of  Flint-glass."  * 

Coke  possesses  one  of  the  remarkable  properties  of  the 
diamond — that  of  cutting  glass  so  clean  and  perfect  as  to  exhibit 
the  most  beautiful  prismatic  colours,  owing  to  the  perfection 
of  the  incision. 

Malleable  Glass  was  made  in  old  Rome  ;  and  in  the  reign  of 
Tiberius,  a  Roman  artist  had,  according  to  Pliny,  his  house  de- 
molished— according  to  other  writers,  he  was  beheaded — for 
making  glass  malleable.    The  idea  of  discovering  the  secret  was- 
only  ranked  second  to  that  of  the  Philosopher's  Stone  among.  . 
alchemists  ;  but  in  1845,  there  is  stated  to  have  been  discovered 
at  St.  Etienne  in  France  the  means  of  rendering  glass  as  mal-  i; 
leable  when  cold  as  when  first  drawn  from  the  pot.    The  sub-  d 
stance  silicon  is  combined  with  various  other  substances,  and  B 
can  be  obtained  opaque  or  transparent  as  crystal;  it  is  described, 
as  very  ductile  and  malleable,  neither  air  nor  acids  acting: 
upon  it. 

Rough  Plate-Glass,  not  transparent,  but  well  adapted  forr 
railway-stations  and  workshops,  and  for  use  in  horticulture,  is- 
now  made  by  a  very  simple  means,  patented  by  Mr.  Hartley,  off 
Sunderland.  The  sole  secret  consists  in  ladling  rough  glass? 
directly  on  to  a  hot  table  near  the  melting-pot,  in  place  of  car- 

*  See  Curiosities  of  Glass-makivg : -wxWi  Detftils  of  the  Processes  and  Produc- 
tions of  Ancient  and  Modern  Ornamental  Gliiss  Manufacture.  With  colouredi 
Illustrations.    By  Apsley  Peliatt.   Small  4tc>,  1649. 
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rying  it  as  heretofore  out  of  the  refiiiiug-pot  to  a  cold  table  at 
sotiie  distance  from  the  furnace.  By  this  means  rough  plate- 
glass  is  now  made  in  minutes  instead  of  hours,  or  days  ;  and  in 
patterns  stamped  by  the  table,  which  becomes  so  hot  as  to  keep 
the  glass  molten  till  stamped,  and  till  one  ladleful  is  added  to 
another  and  imperceptibly  joined  to  it,  so  as  to  form  plates  of 
any  size.  One  glass-making  hrm  is  stated  to  have  expended 
25,()00(J.  in  vainly  endeavouring  to  use  the  ladle  and  to  draw  the 
table  close  to  the  rough  melting-pot  ! 

Soluble  Glass  and  Water- Glass  are  the  names  given  to  soluble 
Silicate  of  Soda,  which,  in  contact  with  lime,  consolidates,  and 
is  partly  couveited  into  silicate  of  lime.  Silicate  of  soda  is  the 
substantial  element  in  Ransome's  artificial  stone  process,  and 
other  similar  processes,  in  which  a  porous  sandstone  or  lime- 
stone, being  saturated  with  this  silicate,  not  only  consolidates, 
but  combines  with  the  lime,  forming  a  compact  mass  of  flinty- 
hardness,  and  impervious  to  atmospheric  influence.  The  solu- 
ble Silicate  has  also  been  employed  as  a  protecting  varnish  for 
out-door  fresco-paintings  in  Berlin.  Mixed  with  lime,  it  forms 
a  good  cement  for  china  and  glass. 

PAINTED  AND  STAINED  GLASS. 

Glass  is  coloured  by  mixing  some  metal  with  the  ingre- 
dients in  the  melting-pot.  Mysterious  recipes,  so  recently  as 
fifty  years  ago,  were  affected  for  making  the  coloured  pot-metal. 
Most  of  the  discoveries  are  said  to  have  been  accidentally  made. 
The  ancient  glass  was  coloured  by  using  gold  in  the  pot ;  yet  it 
was  by  chance  discovered,  in  a  German  glass-house,  that  a 
beautiful  red  may  be  procured  from  copper,  and  this  is  now 
done.  The  existing  mode  of  blowing  ruby  glass  is  thought  to 
be  as  old  as  the  use  of  coloured  glass  in  England,  which  is 
said  to  date  from  the  year  647.  It  has  been  often  said  that 
modern  glass-painters  cannot  produce  the  rich  ruby-red  of 
the  ancients ;  but  this  is  an  error  :  there  is  no  difficulty  in  its 
production  at  the  present  day  ;  but  the  cost  of  the  powder  (a 
compound  containing  much  gold)  by  which  it  was  anciently 
produced  causes  the  moderns  to  use  less  expensive  ingredients, 
except  for  first-rate  work.  Protoxide  of  copper  is  generally 
used,  and  is  stated  to  produce  a  red  equal  to  the  ancient  colour. 
(See  Things  not  generalli/  Known,  First  Series,  p.  226.) 

Professor  Buckraan  has  analysed  tesseUce  from  Roman  pave- 
ment found  at  Cirencester,  and  found  that  on  scraping  away 
the  verdigris-green  of  a  medallion  of  Flora,  a  beautiful  ruby 
glass  presented  itself.  An  analysis  showed  the  change  from 
ruby  to  green  to  be  due  to  the  fact  that  the  ruby  glass  had  de- 
rived its  colour  from  peroxide  of  copper,  and  that  the  iessellce 
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had  become  covered  with  carbonate  of  copper  from  a  decompo- 
sition of  their  surfaces. 

Yellow  is  the  only  colour  that  can  be  applied  to  glass  as  a 
stain  upon  its  surface  ;  for  the  colour  in  the  pot-metal  and  the 
flashed  glass  in  all  other  cases  enters  into  actual  combiuatiou 
with  the  melted  materials.  This  yellow  stain  was  unknown 
before  the  beginning  of  the  12th  century,  about  the  time  of 
Edward  I.,  and  has  ever  since  been  much  used  in  preference  to 
the  yellow  pot-metal.  It  possesses  this  great  advantage,  that 
while  all  other  colours  are  diffused  over  the  entire  piece  of  pot- 
metal  glass,  yellow  can  be  applied  partially,  and  it  is  the  only 
stained  glass  properly  so  chilled.  Silver  was  the  material  em- 
ployed in  this  yellow  stain  :  this  discovery  is  attributed  to 
Van  Eyck  ;  but  it  is  ascribed  with  greater  reason  to  Beato 
Giacomo  da  Ulmo. 

White  glass  can  be  ornamented  with  a  yellow  device,  and  a 
yellow  stain  applied  to  each  side  of  white  glass  produces  a  very 
rich  colour.  It  can  also  be  applied  to  blue  flashed  glass,  mak- 
ing it  green,  or  to  ruby,  which  it  turns  into  bright  scarlet ;  so 
that  the  yellow  stain  added  greatly  to  the  resources  of  the 
ancient  glass-painters. — Abridged  from  a  paper  by  Mr.  G.  J. 
French,  F.&.A. 

Cobalt  produces  so  intense  a  blue  that  a  single  grain  of  the 
pure  oxide  will  give  a  deep  tint  of  blue  to  240  grains  of  glass. 

The  superior  colours  of  ancient  glass  may  be  partly  the 
result  of  age,  as  well  as  manufacture  or  method  of  painting. 
*'  We  all  know  the  purifying  as  well  as  the  bleaching  effect  of 
light  ;  and  may  we  not  reasonably  suppose  that  during  the 
lapse  of  ages  the  old  glass  has  been  permeated  and  saturated  by 
floods  of  light,  so  that  the  colours  hove  been  chastened,  purified, 
and  exalted  in  brilliancy?" — Painting  popularlij  Explained,  ly 
T.  J.  Gullick,  Painter,  and  John  Tiinbs,  F.iS.A.,  p.  141. 

FLAX  PROCESSES. 

Remarkable  modifications  in  woody  fibre  have  been  effected 
by  chemical  treatment ;  as  in  the  Cottonising  processes  of  Claus- 
sen,  and  the  Corrugating  processes  of  Mercer. 

On  account  of  the  difficulties  of  woi'king  flax  in  those  forms 
of  machinery  employed  in  the  manufacture  of  cotton,  M 
Claussen  converts  flax,  by  a  chemical  process,  into  a  state  some 
thing  like  that  of  cotton.  This  he  accomplishes  by  first  steep- 
ing the  flax  in  a  lixivium  of  carbonated  alkali,  and  subsequently 
in  a  weak  acid.  Now  the  combined  agencies  of  these  two  men- 
strua are  as  follow  :  no  sooner  does  the  acid  come  in  contact 
with  the  carbonated  alkali,  previously  absorbed  by  the  cotton 
fibre,  than  carbonic  acid  is  liberated ;  which  gas,  exercising  a 
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pressure,  bursts  the  filaments  of  the  flax  asunder,  and  reduces 
the  material  to  a  physical  conditiou  something  like  that  of 
cotton. 

Mercer's  Corrugating  process  has  for  its  object  the  strength- 
ening of  cotton  tissues  by  corrugation  of  their  fibres.  This  he 
accomplishes  by  the  action  of  caustic  alkaline  lyes,  which  de- 
posit their  alkali  in  the  state  of  chemical  union  with  the  cottonr 
cloth,  swelling  and  at  the  same  time  corrugating  its  tissue, 
whilst  the  capacity  of  that  tissue  for  the  reception  of  colours  is 
simultaneously  increased. 

It  is  not  a  little  remarkable  that  the  corrugating  process 
should  have  remained  for  Mr.  Mercer  to  discover.  Ever  since 
the  first  establishment  of  the  cotton  manufacture,  a  solution  of 
soda  has  been  employed  in  one  stage  of  the  operation  of  bleach- 
ing ;  but  the  solution,  when  employed  with  this  object  in  view, 
is  used  hot,  and  this  circumstance  accounts  for  the  long  period 
during  which  the  facts  observed  by  Mr.  Mercer,  and  incorpo- 
rated into  his  new  process,  remained  undiscovered. 

If  cotton  be  submitted  to  the  action  of  a  hot  solution  of 
soda,  no  combination  of  the  alkali  with  the  cotton  fibre  takes 
place,  but  a  mere  bleaching  action  results,  chiefly  dependent 
on  the  removal  of  coloured  resinous  matter.  If,  however,  the 
same  cotton  fibre  be  subjected  to  the  action  of  cold  soda-solu- 
tion, a  very  peculiar  result  ensues.  Supposing  the  alkaline 
solution  poured  through  the  fabric,  if  the  layers  of  cotton  be 
sufficiently  numerous,  the  whole  of  the  alkali  in  the  solution 
employed  will  be  removed,  and  retained  in  combination  with 
the  fabric,  imparting  to  it  a  peculiar  corrugated  appearance. 
The  combination,  however,  is  not  permanent,  since  boiling 
water  poured  upon  the  tissue  expels  the  whole  of  the  soda, 
j^ut  the  cotton  does  not  return  to  its  original  state  ;  for  every 
equivalent  of  soda  expelled,  an  equivalent  of  water  has  been 
taken  into  combination,  and  this  combination  is  permanent. 
{Brandes  Lectures,  edited  by  Scoffern.) 

Belfast  and  its  neighbourhood  is  one  of  our  great  seats  of 
linen  manufacture.  Here,  in  the  bleaching-works,  may  be 
seen  the  linen  steamed  in  wooden  vats,  and  alternately  im- 
mersed in  a  solution  of  chloride  of  lime  mixed  with  carbonate 
of  soda,  and  of  sulphuric  acid,  many  times,  during  which  pro- 
cess the  linen  is  violently  beaten  about  by  large  wooden  arms 
in  a  stream  of  water.  It  is  then  rubbed  in  a  machine  with  a 
strong  soap,  in  another  it  is  starched;  and  subsequently,  by 
long- continued  thumping  with  beetles,  the  peculiar  gloss  is 
imparted  to  the  linen. 

In  the  vitriol-works  here  are  prepared  not  only  oil  of  vitriol, 
but  also  the  cliloride  of  soda  and  carbonate  of  lime,  which  are 
used  in  the  bleaching  process.    The  sulphuric  acid  is  made  in 
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enormous  leaden  chambers  or  cisterns,  where  it  is  coucentrated, 
and  the  evaporation  is  completed  in  a  platinum  still.  Salt,, 
and  condensed  hydrochloric  acid,  and  coal,  chalk,  and  sulphate 
of  soda,  are  mixed  together  to  form  in  the  furnaces  the  **l)lack- 
cake,"  from  which  the  alkaline  carbonate  is  extracted.  Here 
also  are  the  retorts  for  the  evolution  of  chlorine  gas,  which,, 
passed  over  lime,  forms  the  bleaching-powder. 

At  the  starch  and  glue  works  maybe  seen  meal  converted! 
into  starch,  and  rough  scraps  of  hides  and  hoofs  into  glue  and: 
size. 

WET  AND  DRY  EOT. 

Wet  Rot  in  timber  depends  on  a  real  chemical  decomposi- 
tion, referable  to  the  combined  agency  of  air  and  moisture, . 
exercised  at  certain  temperatures.    Dry  Rot  is  attributable  to 
the  growth  of  certain  fungi. 

Now  it  had  long  been  known  that  the  decomposition  off 
timber  from  any  cause  might  be  impeded ;  and  in  the  case  off 
Dry  Rot  altogether  prevented  by  imbuing  the  woody  fibres  with  i 
certain  mineral  solutions,  which  likewise  diminish  the  inflam- 
mability of  the  timber. 

A  solution  of  corrosive  sublimate  (bichloride  of  mercury) ) 
was  commonly  employed  as  a  preventive  of  dry  rot  even  in  thee 
last  century  ;  but  it  was  reserved  for  Mr.  Kyan  to  improve  audi 
patent  this  application,  after,  he  states,  twenty  years'  expe-- 
rience.  His  process  is  analogous  to  tanning  ;  but  instead  off 
acting  with  oak-bark  on  the  gelatine  of  animal  matter,  he  actss 
with  corrosive  sublimate  on  the  albumen,  one  of  the  approxi- 
mate principles  of  vegetable  matter.  The  timber  is  placed  ini 
the  solution,  and  in  from  seven  to  fourteen  days  the  process  iss 
complete.  It  is,  however,  expensive ;  and  although  the  pre-- 
servative  effects  of  Kyanising  are  complete,  a  less  costly  methodl 
was  found  in  the  process  of  Sir  William  Burnett,  who,  instead! 
of  bichloride  of  mercury,  employs  the  less  expensive,  more? 
fixed,  and  equally  efficacious  salt,  chloride  of  zinc,  which  is  nott 
only  a  preservative  but  a  disinfecting  agent,  and  is  now  com-- 
monly  employed.    It  renders  timber  almost  incombustible. 

The  French  journal  Cosmos  states  that  a  simple  method  has? 
been  adopted  in  the  ship-yards  of  Venice  from  time  immemorial  1 
for  testing  the  soundness  of  the  timber.  A  person  applies  hiss 
ear  to  the  middle  of  one  end  of  the  timber,  while  another  strikes> 
npon  the  opposite  end.  If  the  wood  is  sound  and  of  good ; 
quality,  the  blow  is  very  distinctly  heard,  however  long  the^ 
beam  may  be.  If  the  wood  is  disaggregated  by  decay  or  other-  - 
wise,  the  sound  will  be  for  the  most  part  destroyed. 
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THE  CHEMISTRY  OF  WINE. 

Miilder,  the  celebrated  German  chemist,  has,  in  his  work 
with  the  above  title  (published  iu  1858),  ably  illustrated  the  che- 
mical knowledge  of  Wine.  The  composition,  he  tells  us,  differs 
according  as  the  wine  is  red  or  not  red.  In  the  last-mentioned 
no  particular  colouring  matters  are  found,  and  only  a  trace  of 
tannic  acid;  in  the  former  both  are  present.  Alcohol  and 
water  are  among  the  principal  ingredients ;  then  sugar,  gum, 
extractive  and  albuminous  matters ;  then  free  acids,  such  as 
tartaric,  racemic,  malic,  and  acetic  acid  ;  tartrate  of  potash,  of 
lime,  and  of  magnesia  ;  sulphate  of  potash,  counnon  salt,  and 
traces  of  phosphate  of  lime  ;  also,  and  especially  in  cellared 
wines,  substances  which  impart  aroma,  as  oenanthic  and  acetic 
ethers,  iu  variable  proportions ;  aud  other  volatile  matters.  In 
red  wines,  and  in  many  others,  a  little  iron  ;  and,  according  to 
one  statement,  some  alumina  may  also  be  detected.  Lastly, 
the  best  wines  contain  a  peculiar  substance  called  (Enanthine. 

Most  of  the  properties  of  wine  depend  upon  the  sugar,  al- 
cohol, tartaric  acid,  and  water,  which  exist  together  in  it ; 
that  is,  putting  aside  taste  and  smell  as  standards  of  comparison. 
The  acid  of  wine  appears  to  be  its  most  constant  ingredient, 
never  falling  below  three  grains,  and  seldom  exceeding  six 
grains,  per  ounce.  The  alcohol  varies  from  nine  per  cent  iu 
the  weaker  Moselles  and  Hocks,  to  twenty-four  per  cent  in  the 
stronger  Ports  and  Sherries.  But  the  sugar  varies  most  of  all : 
there  is  none  in  Clarets,  Burgundies,  Hocks,  and  Moselles; 
in  Sherries,  from  nine  to  twelve  grains  in  an  ounce  ;  in  Ports, 
from  sixteen  to  thirty  grains ;  Madeiras,  twenty  to  sixty ;  and  iu 
Cyprus  as  much  as  one  hundred  grains  in  an  ounce.  As  a  fur- 
ther illustration,  the  only  difference  between  Port  aud  Sherry 
is  the  quantity  of  sugar  contained  iu  the  Port. 

Next  to  tartaric  acid,  the  most  important  is  tannic  acid,  or 
tannin.  It  is  most  abundant  in  red  wines,  but  Miilder  says  he 
found  it  iu  all  white  wines.  The  crust  which  is  thrown  down 
by  red  wines  is  mainly  owing  to  the  presence  of  tannic  acid, 
which,  combining  with  the  albuminous  matters  of  the  wine, 
forms  an  insoluble  compound. 

The  preseiTation  of  the  wine  is,  in  a  great  measure,  to  be  ascribed 
to  tannic  acid ;  for  the  albuminous  matters,  which  are  always  combined 
with  tannic  acid  in  wine,  are  thus  prevented  from  decomposition,  and 
the  principal  cause  of  the  wine  spoiling  is  thereby  checked.  Wines, 
therefore,  which  are  intended  for  exportation,  or  to  be  long  cellai-ed, 
must  not  be  deprived  oftoo  much  tannic  acid  by  means  of  albumen  or 
gelatine. 

Most  of  the  saline  matters  have  no  great  eflFect  upon  the  taste  :  pot- 
ash is  the  most  impoi-tant,  as  it  saturates  a  part  of  the  tartaric  acid, 
and  remains  in  a  state  of  solution.  But  tartrate  and  phosphate  of  lime, 
together  with  the  small  amount  of  common  and  other  salts  in  tha  wine. 
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have  no  great  influence  upon  its  flavour,  colour,  or  smell.  As  distinc- 
tive marks  of  the  genuineness  of  the  wines,  they  are  of  the  greatest 
value:  this  may  bo  seen  by  comparing  the  ash  of  an  adulterated  with 
that  of  a  genuine  wme  of  the  same  kind  as  that  under  examimition. 

Upon  the  cause  of  the  bouquet  of  wine,  first  described  by 
Liebig  and  Pelouze,  Professor  Miilder  says,  the  so  called  fusel 
oils  have  shed  most  light.  They  are  "  ethereal  oils,  a  mixture  of 
several  liquids  in  which  the  solid  substances  called  fatty  acids^ 
are  dissolved  :  this  mixture  may  be  obtained  either  by  distilUng; 
large  quantities  of  wine  (as  in  brandy  distilleries),  or  by  sub-- 
jecting  the  grape-skins,  which  have  already  fermented  withi 
the  juice,  to  distillation.    In  this  manner  substances  actually.- 
existing  in  and  belonging  to  the  wine  were  obtained  in  suchi 
abundance  as  to  allow  of  the  mixed  bodies  being  separated,, 
and  their  individual  constituents  separately  analysed.  Tiie 
result  has  shown  that  many  of  these  ingredients  may  be  arti-- 
ficially  imitated  ;  and  those  who  adulterate  wine  have  there-- 
fore  attempted  to  improve  the  less  aromatic  wines  by  the  ad-- 
ditiou  of  some  odoriferous  substance." 

Upon  these  substances,  which  form  the  houqv£t,  the  real  I 
value  of  wines  depends.  The  substance  which  gives  the  vinous  ^ 
odour  is  the  oenanthic  ether,  a  fetid,  ethereal  liquid,  composed  I 
of  carbon,  hydrogen,  and  oxygen.    The  acetic  ether  is  most 
commonly  found  in  aromatic  old  wines.    Professor  Miilder  ■ 
traces  it  to  the  oxygen  of  the  air  dissolved  in  wine,  and  exist- 
ing in  the  bottles,  which  changes  alcohol  into  acetic  ether.  It 
can  decompose  oenanthic  ether,  separate  oenanthic  acid ;  and 
perhaps  the  acetic  acid,  assisted  by  the  tartaric  acid,  etherises 
a  portion  of  the  alcohol.    It  is  well  known  that  acetic  ether 
is  formed,  after  a  time,  in  absolute  alcohol  in  which  it  did  not 
previously  exist.    But  the  alcohol  we  are  treating  of  here  is 
not  absolute,  as  it  is  diluted  in  wine.  A  decomposition  of  oenan- 
thic ether  by  means  of  the  oenanthic  acid  in  wine  seems  to 
Professor  Miilder,  however,  not  improbable,  as  in  proportion 
to  the  formation  of  acetic  and  compound  ether  in  old  wine 
will  be  the  diminution  of  oenanthic  ether.    The  aroma  in- 
creases, and  the  disagreeable  odour  decreases. 

The  improvement  of  wines  by  keeping  is  thus  explained. 
All  wines  contain  odoriferous  substances,  necessarily  the  pro- 
ducts of  fermentation  ;  but  young  wine  contains  such  an  excess 
of  oenanthic  ether  as  to  make  it  oflFeusive,  and  cause  it  to  affect 
the  head. 

It  is  not  till  the  wine  has  been  some  time  in  store,  and  other  frag- 
rant ethers  have  been  engendered  from  ojnanthic  ether,  that  the  original 
aroma  of  the  grape-juice  reappears,  being  no  longer  masked,  but  having 
its  bounuet  increased  by  other  aromatic  ingredients.  Ihis  fundamentaJ 
fact,  that  fetid  oenanthic  ether  is  first  formed,  and  masks  all  otlior 
aroma,  is  trufe  not  only  of  ethereal  oils  which  preexist  m  gi-ape-juice, 
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but  also  of  those  fragrant  ethers  which  we  have  treated  of  above. 
These  are  sometimes  found  in  the  fusel  oils  of  younger  wines,  sometimes 
in  those  of  bad  wines.  They  are  found  at  an  early  period,  though  in 
no  very  large  quantities  ;  but  they  cannot  impart  aroma  to  wine  vmtil  the 
greatest  portion  of  the  cenanthic  ether  is  decomposed.  OEnanthic  ether 
is  generally  supposed  to  occasion  the  vinous  odoiu- ;  but  the  truth  is,  it 
spoils  the  bouquet,  and  although  it  gives  rise  to  many  of  the  aromatic 
ingredients  of  cellared  wdne,  so  long  as  it  predominates  in  the  wine  it  is 
by  no  means  fragrant.  A  thorough  knowledge  of  chemistry  is  not 
suf&cient  to  explain  every  thing  which  concerns  the  aroma  of  wine.  It 
is  well  known  in  pharmacy  and  perfumery  that  fresh  distilled  waters 
have  not  a  pleasant  smell,  particxilarly  if  they  are  prepared  from  fresh 
plants.  They  obtain  the  fragrance  which  characterises  them  after  the 
lapse  of  time. 

Professor  IMiilder  treats  of  the  Diseases  of  Wine  under  five 
separate  heads  :  First,  the  turning,  which  darkens  the  colour 
and  destroys  the  flavour  :  this  is  caused  by  decomposition 
of  tartar.  Secondly,  ropiness,  consisting  in  the  formation  of  a 
vegetable  mucus  from  the  sugar  of  the  wine :  tartaric  acid  is 
one  cause  of  this  corruption  also.  Thirdly,  bitterness,  to  which 
Burgundies  are  peculiarly  liable  :  this  is  attributed,  hypothe- 
tically,  to  the  formation  of  citric  ether ;  it  arises  from  the 
sediment,  and  often  disappears  of  itself ;  drawing  off  the  wine 
in  other  casks  is  therefore  a  remedy  ;  or  young  wine  may  be 
added.  Acidification  is  a  fourth  form  of  disease  :  in  weak 
wines  contact  with  air  at  a  high  temperature  will  produce  it ; 
carbonated  alkali,  introduced  in  time,  stops  it ;  but  the  colour 
and  flavour  are  impaired.  Mouldiness  consists  in  the  produc- 
tion of  mould-plants  on  the  surface  of  the  liquor  :  the  admis- 
sion of  air  eucourages  this  disease,  and  the  alcohol  disappears 
iu  the  process  ;  but  how  the  mould  is  formed  science  does  not 
yet  pretend  to  say. 

Great  mistakes  are  made  in  judging  of  wine  merely  hi/  its 
age.  It  is  the  year  or  vintage,  not  the  mere  lapse  of  time, 
which  stamps  the  value.  Thus,  hock  of  1811  (the  comet  year), 
is  more  valuable  than  hock  of  1801 ;  and  claret  of  1834,  than 
claret  of  1824. 

The  nobler  wines  of  the  Rhine,  and  many  of  those  of  Bordeaux, 
are  distinguished  above  all  others  by  producing  a  minimum  of  after- 
effect. The  quantity  of  wine  consumed  on  the  Rhine  bv  persons  of  all 
ages,  without  perceptible  injury  to  their  mental  and  bodily  health,  is 
hardly  credible.  Gout  and  calculous  diseases  are  nowhere  more  rare 
than  in  the  district  of  the  Rheingau,  so  highly  favoured  by  nature.  In 
no  part  of  Germany  do  the  apothecaries'  establishments  bring  so  low  a 
price  as  in  the  rich  cities  on  the  Rhine  ;  for  there  wine  is  the  universal 
medicine  for  the  healthy  as  well  as  the  sick,  it  is  considered  as  milk  for 
the  aged. — Liebig's  Familiar  Letters. 
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SCIENCE  OF  LOED  BACON. 

The  following  account  of  Bacon's  knowledge  of  what  had  been 
done  in  his  own  day,  or  before  it,  shows  that  he  was  not  inj 
variably  observant  or  mindful  of  the  labours  of  his  predecessors-. 
It  is  a  collection  of  casual  remarks  by  Mr.  Spedding,  iu  Mr:. 
Ellis's  several  prefaces,  in  the  latest  edition  of  Bacon's  Works. . 

Though  he  paid  great  attention  to  astronomj',  discussed  carefuUjv 
the  methods  in  which  it  ought  to  be  studied',  constructed  for  the  satis- 
faction of  his  own  mind  an  elaborate  theory  of  the  heavens,  and  listenecj 
eagerly  for  the  news  from  the  stars  brought  by  GraUleo's  telescope,  hed 
appears  to  have  been  utterly  ignorant  of  the  discoveries  which  had  jusi-i 
been  made  by  Kepler's  calculations.  Thoxigh  he  complained  in  1623  o\f. 
the  want  of  compendious  methods  for  facilitating  arithmetical  computa-.- 
tions,  especially  with  regard  to  the  doctrine  of  Series,  and  fully  recog-- 
nised  the  importance  of  them  as  an  aid  to  physical  inquiries,  he  doess 
not  say  a  word  about  Napier's  Logarithms,  which  had  been  publishedi 
only  nine  years  before,  and  reprinted  more  than  once  in  the  intervals 
He  complained  that  no  considerable  advance  had  been  made  in  geome-^ 
try  beyond  Euclid,  without  taking  any  notice  of  what  had  been  done  byy 
Archimedes  and  ApoUonius.  He  saw  the  importance  of  determiningc 
accurately  the  specific  gravities  of  different  substances,  and  himself: 
attempted  to  form  a  table  of  them  by  a  rude  process  of  his  own,  \vith-- 
out  knowing  of  the  more  scientific  though  still  imperfect  methods  pre- 
viously employed  by  Archimedes,  Ghetaldus,  and  Porta.  He  speaks  of  : 
the  of  Archimedes  in  a  manner  which  implies  that  he  did  not: 

clearly  apprehend  either  the  nature  of  the  problem  to  be  solved  or  thef 
principles  upon  which  the  solution  depended.  In  reviewing  the  progresas 
of  mechanics,  he  makes  no  mention  of  Archimedes  himself,  or  of  Stevi-  • 
nus,  Galileo,  Guldinus,  or  Ghetaldus.    He  makes  no  allusion  to  the- 
theory  of  equilibrium.    He  observes  that  a  ball  of  one  pound  weight' 
will  fall  nearly  as  fast  through  the  air  as  a  ball  of  two,  without  alluding: 
to  the  theory  of  the  acceleration  of  falling  bodies,  which  had  been  made 
knovra  by  Galileo  more  than  thirty  years  before.    He  proposes  an  in-  ■ 
quiry  with  regard  to  the  lever, — namely,  whether  in  a  balance  with . 
arms  of  different  length  but  equal  weight  the  distance  from  the  fulcrum 
has  an  J'  effect  upon  the  inclination,  -though  the  theory  of  the  lever  was  • 
as  well  understood  in  his  own  time  as  it  is  now.    In  making  an  experi-  - 
ment  of  his  own  to  ascertain  the  cause  of  the  motion  of  a  windmill,  he 
overlooks  an  obvious  circumstance  which  makes  the  experiment  incon- 
clusive, and  an  equally  obvious  variation  of  the  same  experiment,  which 
would  have  shown  him  that  his  theory  was  false.    He  speaks  of  the 
poles  of  the  earth  as  fixed  in  a  manner  which  seems  to  imply  that  ho  • 
was  not  acquainted  with  the  precession  of  the  equinoxes;  and  in  an-- 
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other  place,  of  the  north  pole  being  above  and  the  south  pole  below, 
as  a  reason  why  in  our  hemisphere  the  north  winds  prpdomiuate  over 
the  south.* 

THE  QUADRATUEE  OF  THE  CIRCLE. 

De  Morgan,  in  his  able  Paper  of  '*  Impossible  Problems," 
gives  the  following  on  the  Quadrature  or  Squaring  of  the  Cii-cle, 
which  nas  been  a  mathematical  problem  since  the  days  of 
Euclid,  and  is  not  yet  solved. 

The  Arithmetical  Quadrature  involves  the  determination  of 
the  circumference  by  a  definite  arithmetical  multiplier  which 
shall  be  perfectly  accurate.  Lambert  proved  that  the  multi- 
plier must  be  an  interminable  decimal  fraction.  (See  Legendre's 
Geometry,  and  in  Brewster's  translation  of  that  work.)  The 
arithmeticians  have  given  plenty  of  approximate  multipliers. 
The  last  and  most  accurate  was  that  by  Mr.  W.  Shanks,  of 
Houghton-le-Spring,  who  gave  the  requisite  multiplier  to  607 
decimal  places,  of  which  441  were  verified  by  Dr.  Rutherford. 
To  give  an  idea  of  the  power  of  this  multiplier,  we  must  try 
to  master  such  a  supposition  as  the  following  : 

There  are  living  tilings  on  our  globe  so  small  that,  if  due 
roportion  were  observed,  the  corpuscles  of  their  blood  would 
e  no  more  than  a  millionth  of  an  inch  in  diameter.  Suppose 
another  globe  like  ours,  but  so  much  larger  that  our  great  globe 
itself  is  but  fit  to  be  a  corpuscle  in  the  blood  of  one  of  its  ani- 
malcule ;  and  call  this  the  f  rst  globe  above  us.  Let  there  be 
another  globe  so  large  that  this  first  globe  above  us  is  but  a 
corpuscle  in  the  animalcule  of  that  globe ;  and  call  this  the 
second  globe  above  us.  Go  on  in  this  way  until  we  come  to  the 
twentieth  globe  above  us.  Next,  let  the  minute  corpuscle  on 
our  globe  be  another  globe  like  ours,  with  every  thing  in  pro- 
portion ;  and  call  this  the  first  globe  below  us.  Take  a  blood- 
corpuscle  from  the  animalcule  of  that  globe,  and  make  it  the 
second  globe  below  us.  Then,  if  the  inhabitants  of  the  twentieth 
globe  above  us  were  to  calculate  the  circumference  of  their 
globe  from  its  diameter  by  the  b'07  decimals,  their  error  of 
length  could  not  be  made  visible  to  the  inhabitants  of  the 
twentieth  globe  below  us,  unless  their  microscopes  were  rela- 
tively very  much  more  powerful  than  ours. 

By  Geometrical  Quadrature  is  meant  the  determination  of 
a  square  equal  to  the  circle,  using  only  Euclid's  allowance  of 
means ;  that  is,  using  only  the  straight  line  and  circle,  as  in 
Euclid's  first  three  postulates.  On  this  matter,  James  Gregor 
in  1668,  published  an  asserted  demonstration  of  the  impossi- 
bility of  the  Geometrical  Quadrature.  The  matter  is  so  difficult, 

♦  Quoted  in  the  Atheiusum. 
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and  the  proofs  of  a  negative  are  so  slippery,  that  he  would  be  :  * 
bold  man  who  would  be  very  positive  on  the  point,  even  thougl  I 
there  are  trains  of  reasoning,  diflferent  from  Gi-egory's,  whicl  | 
render  it  in  the  highest  degree  improbable,  which  are,  in  fact  I 
all  but  demonstration  themselves,  that  the  Geometrical  Quad  I 
rature  is  impossible.  | 

To  say  that  a  given  problem  cannot  be  solved  because  tw(  ] 
thousand  years  of  trial  have  not  succeeded,  is  unsafe  ;  for  more* 
powerful  means  may  be  invented.  But  when  the  question  is  fee., 
solve  a  pi-oblem  wii/i  certain  givenmeans  and  no  otkers,  it  is  nO  'l 
so  unsafe  to  affirm  that  the  problem  is  insoluble.  By  hypothesis.-, 
we  are  to  use  no  means  except  those  which  have  been  used  foi  t 
two  thousand  years  ;  it  becomes  exceedingly  probable  that  alJ 
•which  those  means  can  do  has  been  done,  in  a  question  whicL'i 
has  been  tried  by  hundreds  of  men  of  genius,  patience,  aucl 
proved  success  in  other  things. 

The  limitation  to  Euclid's  first  three  postulates  is  frequenll)v 
omitted  ;  and  persons  are  led  to  conclude  that  mathematician.'  i 
have  never  shown  how  to  square  a  circle,  than  which  nothings 
can  be  more  untrue ;  and  Mr.  de  Morgan  questions  whethei  r 
the  above  difficulties  would  ever  have  existed,  if  Euclid's  ideats 
of  solid  geometry  had  been  as  well  ari-anged  as  his  ideas  of  planto 
geometry. 

Montucla  has  published  a  history  of  the  Researches  on  thee 
Quadrature  of  the  Circle  (Paris,  1831),  which  contains  besidef  s 
the  vagaries  of  the  insufficiently  informed,  an  account  of  thte 
attempts  of  older  days,  which  ended  in  useful  discovery.  luu 
later  times,  the  whole  subject  has  lapsed  into  burlesque  ;  thee 
few  who  have  made  rational  attempts  being  lost  in  the  crowdi 
who  have  made  absurd  misconceptions  of  the  problem.  Toi 
square  the  circle  has  become  a  by-word,  though  many  do  nott 
know  the  problem  under  a  change  of  terms  ;  say  the  rectifica-i- 
tion  of  the  circumference. 

Strange  as  it  may  seem,  this  problem  of  the  Quadrature  oit 
the  Circle  still  engages  attention ;  and  persons  are  found  to 
believe  that  they  have  attained  even  the  Arithmetical  Quadra- - 
ture.  It  has  been  stated  in  foreign  newspapers,  within  these. 
few  years,  that  the  British  government  does  offer,  and  always^ 
has  oflFered,  a  large  reward  for  the  solution  of  this  problem.. 
This,  we  need  hardly  say,  is  a  complete  mistake ;  the  govern- - 
ment  never,  at  any  time,  oflFered  one  farthing  for  the  Quadra- 
ture of  the  Circle. 

THE  TETJE  SOURCE  OF  MECHANICAL  ENERGY. 

Professor  W.  Thompson,  in  a  paper  read  to  the  Royal  Insti- 
tution, states  that  it  appears  certain,  from  the  most  careful 
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physiological  researches,  that  a  living  animal  has  not  the  power 
of  originating  mechanical  energy;  and  that  all  the  work  done 
by  a  living  animal  in  the  course  of  its  life,  and  all  the  heat 
that  has  been  emitted  from  it,  together  with  the  heat  that 
would  be  obtained  by  burning  the  combustible  matter  which 
has  been  lost  from  its  body  during  its  life,  and  by  burning  its 
body  after  death, — make  up  altogether  an  exact  equivalent  to 
the  heat  that  would  be  obtained  by  burning  as  much  food  as  it 
has  used  during  its  life,  and  an  amount  of  fuel  that  would 
generate  as  much  heat  as  its  body  if  burned  immediately  after 
birth. 


PARADOXES  OF  EOTATORY  MOTION. 

A  German  philosopher,  Ferrell,  has  by  many  experiments 
been  led  to  the  conclusion  that  the  effect  of  communicating 
rapid  rotatory  motion  is  to  diminish  weight.  By  means  of  a 
horizontally  suspended  bar,  with  a  wheel  at  one  end,  to  which 
rotatory  motion  could  be  given,  he  showed  that  when  the 
point  of  suspension  was  shifted  so  as  to  make  the  wheel-end 
the  heavier,  the  horizontality  of  the  bar  was  restored  by  com- 
municating rapid  motion  to  the  wheel,  and  so  remained  as 
long  as  the  wheel  kept  turning ;  but  as  the  speed  of  rotation 
diminished,  the  wheel- end  gradually  dropped  down.  In- 
stead of  descending  perpendicularly,  however,  it  leaned  on  one 
side.  Professor  Powell  has  exhibited  this  phenomenon  to  the 
Royal  Institution,  and  thus  shown  that  a  body  rotating  is 
lighter  than  a  body  at  rest ;  and  thus  a  leg  of  mutton  when 
roasting  weighs  more  than  when  brought  to  table.  Prof.  Powell 
also  showed  that  in  the  Prussian  rifles,  with  cylindrical  bullets 
with  conical  apices,  the  directions  varied  with  the  amount  of 
charge ;  when  it  was  low,  the  missiles  deviated  to  one  side. 
This  fact  was  experimentally  illustrated  by  paper  shuttlecocks 
and.  cardboard  bomerangs,  the  return  of  which  to  the  point 
from  which  they  were  propelled  is  one  of  the  paradoxes  of 
rotatory  motion.  The  Professor's  explanation  is,  that  when  a 
body  is  acted  on  by  two  forces  in  different  directions,  the 
resulting  motion  is  a  compound  of  the  two. 

_  Prof.  Powell  believes  that  the  precession  of  the  equinoxes 
might  be  accounted  for  by  certain  paradoxes  of  rotatory  motion. 
Ihe  star  Alpha  Draconis  was  to  the  ancients  the  Pole-Star,  and 
was  inclined  to  the  earth  at  an  angle  of  twenty-six  degrees 
exactly  the  inclinations  of  the  Pyramids  at  the  time  they  were 
built ;  and  these  stupendous  relics  of  past  ages  might  thus  be 
regarded  as  gigantic  observatories  by  which  I'haraoh's  astrono- 
laer-royal  regulated  his  chronometers. 
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THE  REAL  WORKING  FORCE  OF  A  CI-OCK. 

Our  clocks  are  driven  by  means  of  sinking  weights,  and  our* 
Avatches  by  means  of  the  tension  of  springs.    A  weight  which 
lies  on  the  ground,  an  elastic  spring  which  is  without  tension,  \ 
can  produce  no  effects  ;  to  obtain  which  we  must  first  raise  the  • 
weight  or  impart  tension  to  the  spring,  which  is  accomplished! 
when  we  wind  up  our  clocks  and  watches.    The  man  who 
winds  the  clock  or  watch  communicates  to  the  weight  or  to  the. 
spring  a  certain  amount  of  power  ;  and  exactly  so  much  as  iss 
thus  communicated  is  gradually  given  out  again  during  the- 
twenty-four  hours,  the  original  force  being  thus  slowly  con- 
sumed to  overcome  the  friction  of  the  wheels  and  the  resist- 
ance  which  the  pendulum  encounters  from  the  air.    The  wheel- - 
work  of  the  clock,  therefore,  exhibits  no  working  force  which  i 
was  not  previously  communicated  to  it,  but  simply  distributess 
the  force  given  to  it  uniformly  over  a  long  time. — Prof.  Hdm-- 
holtz. 

FAILURE  OF  OLD  MACHINES. 

In  all  that  belongs  to  the  mere  motion  of  machines  and; 
engines,  representations  of  which  were  published  in  the  IGth 
and  17th  centuries,  the  greatest  possible  ingenuity  and  fertility 
of  invention  is  displayed.    But  in  all  that  concerns  construc- 
tion, framing,  and  adaptation  of  form  and  dimensions  to  resist- 
ances, strains,  and  the  nature  of  the  work,  a  total  absence  off 
principle  and  experience  is  manifested  ;  so  that  it  is  apparent! 
that  these  machines  would  act  very  well  in  the  form  of  models; ; 
but  that,  if  actually  set  to  work,  the  most  of  them  would  i 
knock  themselves  to  pieces  in  a  veiy  short  time. — R.  Willis, . 

ECONOMY  OF  HIGH-PRESSURE  STEAM. 

It  must  appear  obvious  to  every  reflecting  mind  that  steam  i 
generated  under  pressure,  and  compressed  into  one-fifth. orr 
one-sixth  the  space  it  formerly  occupied,  and  that  again  applied  i 
to  an  engine  of  little  more  than  one-third  the  bulk,  must  be  a* 
desideratum.  Let  us  calculate,  for  example,  the  duty  performed  i 
by,  and  the  force  applied  to,  one  of  the  largest  class  of  loco- - 
motive  engines,  travelling  with  a  train  at  the  rate  of  forty-five  ? 
miles  an  hour,  and  we  shall  find  the  amount  of  power  given  i 
out  to  exceed  that  of  700  horses,  or  as  much  as  would  be  re-  • 
quired  to  drive  the  machinery  in  some  of  our  largest  factories. 

This  extraordinary  power  is  exemplified  in  the  process  of' 
preparing  peat.  In  Prussia,  steam  at  60  lbs.  pressure  is  used  i 
and  passed  through  pipes  to  obtain  at  least  600°  of  heat,  and : 
is  then  thrown  into  compressed  peat,  where  it  produces  the  ; 
effect  of  a  *'  fiery  spOnge,"  robbing  the  peat  of  its  water,  car-  • 
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bonisiug  the  material,  and  effecting  the  complete  distillation 
of  many  substances.  The  texture  of  the  peat  is  so  far  changed 
that  it  takes  fire  by  exposure  to  air,  so  that  it  is  necessary  to 
cool  down  the  charcoal  in  an  atmosphere  of  steam. 

Here  may  be  noticed  two  predictions  of  Steam-power  which  havo 
been  singularly  verified.  In  Dr.  Darwin's  Botanic  Garden,  first  pub- 
lished in  1789,  but  written,  it  is  well  known,  at  least  twenty  years 
before  the  date  of  its  publication,  occurs  the  following  prediction  re- 
specting steam : 

"  Soon  shall  thy  arm,  unconquered  Steam,  afar 
Drag  the  slow  barge,  or  drive  the  rapid  car ; 
Or,  on  wide-waving  wings  expanded  bear 
The  flying  chariot  through  the  fields  of  air.* 
Fair  crews  triumphant  leaning  from  above, 
Shall  wave  their  fluttering  'kerchiefs  as  they  move ; 
Or  warrior  bands  alarm  the  gaping  crowd, 
And  armies  shrink  beneath  the  shadowy  cloud : 
So  mighty  Hercules,  o'er  many  a  clime 
Waved  his  huge  mace  in  virtue's  cause  sublime; 
Unmeasured  strength  with  early  art  combined, 
Awed,  se:"ved,  protected,  and  amazed  mankind." 

another  and  less  widely  known  poem  by  the  same  author, 
TJie  Temple  of  Natwe,  published  in  1820,  there  occurs  this  complete 
anticipation  and  still  more  remarkable  instance  of  scientific  prevision. 
In  a  note  to  line  373,  canto  ii.  of  the  poem,  the  author  sets  out  with, 
"  The  progressive  motion  of  fish  beneath  the  water  is  produced  princi- 
pally by  the  tindulation  of  their  tails ;"  and  after  giving  the  rationale 
of  the  process,  he  goes  on  to  say  that  "this  power  seems  to  be  better 
adapted  to  push  fomard  a  body  in  the  water  than  the  oars  of  boats 
concluding  with  the  query :  "Might  not  some  machinery  resembling  the 
tails  of  fish  be  placed  behind  a  boat  so  as  to  be  moved  with  greater  effect 
than  common  oai-s,  by  the  force  of  wind  or  steam  ? " 


PERKINS'  STEAM-GUNS, 

These  steam-engines  (invented  by  Mr.  Jacob  Perkins)  ex- 
cited the  greatest  attention,  in  consequence  of  the  notion 
that  the  expansive  force  of  steam  might  be  substituted  for  that 
of  gunpowder  in  military  operations.  The  principal  points  in 
which  these  Steam-Guns  differ  from  those  ordinarily  used  in 
warfare  are,  that,  owing  to  the  duration  of  the  propelling  force, 
they  enable  us  to  discharge  in  a  short  time  a  great  number  of 
balls  ;  and,  in  consequence  of  the  facility  with  which  the  tube 
may  be  turned  on  a  swivel,  the  shower  of  balls  may  be  directed 
in  any  direction  that  is  desired.  But  it  was  found  that  these 
engines  required  complicated  and  ponderous  apparatus,  even 
when  their  size  was  only  such  as  fitted  them  to  discharge 
small  shot;  that  a  considerable  time  must  elapse  before  the 
Bteam  attained  the  necessary  force  to  effect  the  discharge  j  and, 

•  Darwin  projected  an  "  aerial  steam-carriage,"  in  which  he  proposed  to 
use  wings  similar  to  those  of  a  bird,  to  which  motion  was  to  be  given  by  a  eiean- 
li?t  bodiedl-onh        ^"el»-pres8ure  steam,  though  the  details  of  his  plan  wer« 
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*^!u  of  percussion  attained  by  the  balls  was 

less  than  that  of  similar  balls  projected  by  means  of  gunpowder. 
Prechtl  has  demonstrated  that  the  eflfect  of  steam,  under  those 
circumstances  in  wiiich  it  has  yet  been  found,  is  not  equal  to 
that  of  gunpowder  when  applied  to  large  shot.— Pro/  Peschel 

In  1841,  M.  Delectuze  discovered,  among  the  manuscripts 
of  Leonardo  da  Viuci,  an  entry  carrying  a  knowledge  of  the 
steam-engine  applied  to  warfare  to  at  least  as  far  back  as  the 
fifteenth  century.  He  has  published  in  the  Artiste  a  notice  of 
the  life  of  Leonardo,  in  which  he  adds  a  fac-simile  of  a  pa-^e  of 
one  of  his  manuscripts,  containing  five  pen-and-ink  skefches 
of  details  of  the  apparatus  of  a  Steam-Gun,  with  an  explana- 
tory note  on  what  he  designates  the  "  Architonnere."  The 
entry  is  as  follows  : 

Invention  of  Archimedes.  The  Architonnere  is  a  machine  of  fine 
copper,  which  throws  balls  with  a  loud  report  and  great  force  It  is 
used  m  the  follomng  manner :  One-third  of  the  instrument  contains 
a  large  quantity  of  charcoal  fire.  When  the  water  is  well  heated  a 
screw  at  the  top  of  the  vessel  which  contains  the  water  must  be  maide 
quite  tight.  On  closing  the  screw  above,  all  the  water  will  escape  be- 
low will  descend  into  the  heated  portion  of  the  instrument,  and  be  im- 
mediately converted  into  a  vapour,  so  abundant  and  powerful  that  it  is 
wonderful  to  see  its  force,  and  hear  the  noise  it  produces.  This  machine 
will  carry  a  ball  a  talent  in  weight. 

It  is  worthy  of  remark  that  Leonardo  da  Vinci,  far  from 
claiming  the  merit  of  this  invention  for  himself,  or  the  men  of 
his  time,  attributes  it  to  Archimedes. 

The  Steam-Gun  of  our  time  has  been  an  exhibition-room 
wonder;  and  the  prediction  of  the  Duke  of  Wellington,  that  it 
would  fail  in  warfare,  has  never  been  tested. 


THE  STEAM-HAMMER. 

To  the  genius  of  James  "Watt  may  be  traced  the  first  idea 
of  using  a  hammer  in  connection  witH  the  power  of  steam, 
although  it  was  left  for  one  of  our  own  time  practically  to  carry 
out  the  project.  In  Watt's  patent  of  April  28,  1784,  he  pro- 
poses to  apply  "  the  power  of  steam  or  fire  engines  to  the  mov- 
ing of  heavy  hammers,  or  stampers,  for  forging  or  stamping  iron, 
copper,  and  other  metals,"  without  the  intervention  of  rotative 
motions  or  wheels,  by  fixing  the  hammer  either  to  the  piston 
or  piston-rod,  or  working-beam  of  the  engine. 

In  1842,  Mr.  James  Nasmyth  patented  this  gigantic  yet 
manageable  machine,  which  he  has  constructed  for  and  distri- 
buted to  all  parts  of  the  globe.  It  is  now  employed  in  all  the 
large  engineering  establishments  of  Great  Britain  :  by  anchor- 
makers  and  engine-builders,  and  railway  manufacturers,  as 
well  as  for  making  up  iron,  either  from  scraps,  old  rails,  hoops, 
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or  from  the  pile.  Before  the  introduction  of  this  machine  to 
the  smithy,  the  forging  of  large  marine-engine  shafts  for  ocean 
steamers  was  not  only  tedious  but  uncertain ;  for  without  blows 
of  sufficient  energy  it  was  impossible  to  expel  the  scoriae  from 
between  the  bundles  of  iron  rods  to  be  welded  into  main-shafts. 
The  Steam-Hammer  is  likewise  employed  in  stamping  out  dish- 
covers  and  moulding  and  forming  silver-plate. 

Steam-Hammers  are  made  of  various  powers  to  suit  differ- 
ent kinds  of  woi-k.  The  anvil  is  usually  below  the  floor  ;  the 
hammer  is  suspended  from  the  piston-rod  of  the  steam-engine, 
and  the  piston  works  in  the  cylinder  placed  at  the  top  of  the 
machine.  By  admitting  the  steam  under  the  piston,  the  ham- 
mer is  elevated  to  the  desired  height,  and  by  its  own  gravity 
the  hammer  falls  ;  but  the  fall  may  be  regulated  by  the  admis- 
sion of  steam.  Every  degree  of  blow  is  attainable,  from  that 
of  merely  cracking  an  egg-shell  to  that  of  a  dead  pressure  of 
500  tons.  By  aid  of  a  powerful  crane,  a  giant  may  be  seen 
welding  and  forging  a  shaft  weighing  16  tons,  and  27  feet  in 
length,  as  easily  as  a  country  smith  would  make  a  horseshoe. 
Notwithstanding  the  enormous  mass  of  metal  which  the  ham- 
mer contains,  and  though,  at  first  sight,  it  resembles  a  piece  of 
monumental  work  rather  than  a  tool  to  be  used  in  the  manu- 
factm-e  of  machinery,  it  is  beautifully  proportioned  ;  it  is 
as  manageable  as  a  child's  toy,  and  works  as  smoothly  as  the 
mechanism  of  a  chronometer. 

ROMAN  EOADS  AND  BRITISH  RAILWAYS. 

The  formation  and  repair  of  Roads  in  Rome  and  its  pro- 
vinces were  among  the  most  important  labours  of  the  Ro- 
man emperors.  Thus,  a  continuous  roadway  existed  from  the 
wall  of  Antoninus  in  North  Britain  to  Rome,  and  thence  to 
Jerusalem,  a  distance  of  3655  miles,  exclusive  of  a  sea-passage 
of  85  miles.  The  Via  Appia,  one  of  the  twenty-nine  roads 
which  diverged  from  the  imperial  city,  well  illustrates  the  cha- 
racter of  the  Roman  roads.  Comparing  modern  British  rail- 
roads with  these  ancient  ways,  there  is  a  general  similarity  in 
the  directness  of  their  course,  their  level  surface,  and  the  se- 
verance of  natural  obstacles  in  order  to  attain  those  objects  ; 
we  have  borrowed  from  the  very  language  of  old  Rome  the 
station  and  ihe  terminus ;  and  in  some  instances  the  rails  are 
laid  upon  the  roads  of  our  conquerors.  Yet  one  hundred  such 
works  as  the  great  substructure  of  the  Appian  Way  at  Arici 
would  hardly  equal,  in  cubic  contents  and  probable  cost,  the 
high-level  bridge  at  Newcastle,  the  Tweed  viaduct  at  Berwick 
and  the  Britannia  and  Conway  tubular  bridges.  But,  in  con- 
sidering the  enormous  cost  of  these  modem  structures,  it  should 
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be  remembered  that  charges  for  land,  law,  and  parliamentary 
expenses,  were  unknown  to  the  Romans  ;  and  our  superiority 
consists  more  in  mental  power  and  scientific  knowledge  than  in 
the  mere  application  of  unskilful  labour. 

SILVER,  GOLD,  AND  IKON. 

So  unimportant  a  part  do  Silver  and  Gold  seem  to  perform 
in  the  economy  of  nature,  that  if  they  were  annihilated  it  is 
probable  that  the  world  would  go  on  as  well  without  them.  How 
different  in  these  respects  from  Iron,  and  how  much  less,  there- 
fore, intrinsically  valuable  ?  Independently  of  their  beauty,  the 
only  really  valuable  properties  of  Silver  and  Gold  are  the  diffi- 
culty with  which  they  are  acted  upon  by  heat  and  other  extra- 
neous agents, — properties  which,  if  they  were  more  abundant, 
would  render  them  well  adapted  for  a  great  many  useful  pur- 
poses.— Proufs  Bridgewater  Treatise. 

WEAR  OF  MALLEABLE  AND  CAST  IRON  RAILS. 

It  is  a  curious  and  important  fact,  that  not  only  are  Mal- 
leable Rails  more  durable  than  those  made  with  Cast  iron,  but 
that  malleable  rails,  when  in  use,  are  less  susceptible  to  the 
deteriorating  influence  of  the  atmosphere  than  the  same  rails 
would  be  if  unused.  A  bar  of  wrought  iron,  if  placed  upon  the 
ground  alongside  one  of  the  same  form  and  material  in  the  rail- 
way in  use,  has  been  made  to  show  this  fact  in  a  very  striking 
manner.  The  former  is  continually  throwing  off  scales  of  rust, 
while  the  latter  continues  almost  wholly  free  from  waste  of  that 
description.  This  curious  fact  was  discovered  by  Mr.  George 
Stephenson  to  depend  on  certain  electric  influences,  communi- 
cated by  the  passage  of  the  trains, 

WHY  IRON  RAILWAYS  DO  NOT  RUST. 

Ritter  has  proved  by  experiment  that  Magnetism  has  the 
power  of  protecting  iron  from  corrosion  ;  and  by  this  influence 
the  rails  in  use  on  railways  are  protected  from  rust :  both  in- 
duced and  permanent  magnetism  is  thus  produced  in  the  rails, 
each  rail  being  magnetic  with  polarity,  and  having  from  four 
to  eight  separate  poles. 

INVENTION  OF  THE  SAW. 

The  invention  of  the  Saw  has  been  ascribed  by  Pliny  to 
Daedalus  ;  but  it  has  been  traced  to  much  higher  antiquity — 
the  age  of  the  fourth  dynasty  of  Egypt.  In  sawing,  the  Egyp- 
tians used  a  large  hand-saw :  they  frequently  fixed  the  wood 
upright,  secured  by  pins  iu  lieu  of  a  vice,  or  with  pins  passing 
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through  the  piece  of  timber  itself,  in  order  to  support  the 
planks  as  they  were  cut  apart ;  which  is  the  practice  of  modern 
sawyers. — Wilkinson. 

THE  FIRST  SAW-MILL. 

The  old  mode  of  making  boards  was  to  split  up  the  logs 
with  wedges ;  and,  inconvenient  as  the  practice  was,  it  was  no 
easy  matter  to  persuade  the  world  that  the  thing  could  be  done 
in  any  better  way.  Saw-mills  were  first  used  in  Europe  in  the 
15th  century  ;  and  in  the  year  1555,  an  English  ambassador, 
having  seen  a  saw-mill  in  France,  thought  it  a  novelty  which 
deserved  a  particular  description.  It  is  amusing  to  see  how  the 
aversion  to  labour-saving  machinery  has  always  agitated  Eng- 
land. A  Saw-mill  was  erected  in  Lambeth  (on  the  site  of  Lam- 
beth water-works)  in  Cromwell's  time,  and  which  he  protected 
by  Act  of  Parliament.  Another  Saw-mill  was  established  by  a 
Dutchman,  in  1663  ;  but  the  public  outcry  against  the  new- 
fangled machine  was  so  violent,  that  the  proprietor  was  forced 
to  decamp  with  more  expedition  than  ever  did  Dutchman 
before.  The  evil  was  thus  kept  out  of  England  for  several 
years,  or  rather  generations ;  but  in  1768  an  uuluckly  timber 
merchant,  hoping  that,  after  so  long  a  time,  the  public  would 
be  less  watchful  of  its  interests,  made  a  rash  attempt  to  con- 
struct another  mill.  The  guardians  of  the  public  welfare,  how- 
ever, were  on  the  alert,  and  a  conscientious  mob  at  once  col- 
lected and  pulled  the  mill  to  pieces  ! 


OAK  AND  CHESTNUT  EOOFS. 

Oak  is  often  mistaken  for  chestnut.  At  a  meeting  of  the 
Horticultural  Society  in  1854,  for  the  purpose  of  comparison, 
specimens  of  the  timber  of  our  two  English  kinds  of  oak  {Quer- 
cus  pedunculata  and  Quercus  sessiliflora)  and  of  Spanish  chest- 
nut were  furnished  by  the  Vice-Secretary,  in  order  to  exhibit 
the  difference  that  exists  between  the  woods  of  the  pedunculate 
and  sessile-flowered  oaks  and  chestnut,  for  which  the  timber 
of  the  last-named  oak,  when  found  in  old  buildings,  has  gene- 
rally been  mistaken.  It  was,  however,  proved  by  pieces  of 
wood  from  Westminster  Hall  that  the  timber  in  the  roof  of 
that  building  is  not  chestnut,  as  is  still  by  many  believed,  but 
eessile-flowered  oak,  which,  although  softer,  more  pliable,  and 
easily  worked,  was  stated  to  be  in  all  respects  superior  to  the 
now  more  common  pedunculate  kind.  The  roof  of  Westminster 
Hall  was  thoroughly  repaired  in  1820-21,  when  forty  loads  of 
oak,  from  old  ships  broken  up  in  Portsmouth  Dockyard  were 
used  in  renewing  decayed  parts,  and  completing  the  portion  at 
the  north  end,  where  it  had  been  left  unfinished ;  the  roof  was 
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also  greatly  strengthened  by  tension-rods  added  to  the  princi- 
pals in  1851. 

ORIGIN  OF  WOOLWICH  ARSENAL. 

The  Military  and  Civil  branches  of  the  Office  of  Ordnance 
have  been  established  at  Woolwich  since  the  accession  of  George 
I.,  when  a  singular  train  of  circumstances  led  to  the  fixing  on 
this  spot  for  the  naval  and  military  depot,  formerly  called  the 
Warren,  but  now  the  Royal  Arsenal. 

The  original  Foundry  possessed  by  the  Government  for  cast- 
ing brass  guns  and  howitzers  was  established  in  Upper  Moor- 
fields,  Loudon,  near  the  site  of  the  Tabernacle,  where  John 
Wesley  preached  ;  and  which,  from  the  circumstance  of  his 
having  before  preached  beneath  a  shed  in  the  Foundry  itself, 
was  formerly  called  by  that  name.  The  operation  of  casting 
the  guns  was  then,  as  it  still  is,  an  object  of  curiosity ;  and 
many  persons,  even  of  the  higher  ranks,  occasionally  attended 
to  see  the  process  of  running  the  fluid  metal  into  the  moulds. 

About  the  year  1716,  when  Colonel  Armstrong  was  surveyor- 
general  of  the  ordnance,  it  was  determined  to  re-cast  the  un- 
serviceable cannon  which  had  been  taken  from  the  French  in 
the  ten  successful  campaigns  of  the  Great  Duke  of  Marlborough, 
and  which  had  hitherto  been  placed  in  front  of  the  Foundry, 
and  in  the  adjacent  Artillery  Ground.  Upon  the  appointed 
day  a  great  concourse  of  persons  assembled  to  witness  the  oper- 
ation, among  whom  were  many  of  the  nobility,  general  oflacers, 
&c.,  for  whose  reception  galleries  had  been  prepared  near  the 
furnace. 

On  the  same  day,  a  native  of  Schauffhausen  in  Switzerland, 
named  Andrew  Schalch  (who,  from  a  common  law  of  his  canton, 
which  made  it  necessary  for  every  person  born  there  to  travel 
for  improvement  in  his  profession  during  three  years,  had 
visited  diflferent  foundries  on  the  Continent,  and  at  length 
reached  England),  was  attracted  to  Moorfields  Foundry  at  an 
early  hour,  and  was  suflfered  minutely  to  inspect  the  work  then 
going  on.  Colonel  Armstrong  was  himself  present,  when 
Schalch,  being  alarmed  at  some  latent  dampness  which  he  had 
observed  in  the  moulds,  addressed  him  in  French,  and,  after 
explaining  his  reasons  for  believing  that  an  explosion  would 
accompany  the  casting  of  the  metal,  warned  him  to  retire  from 
the  impending  danger.  The  Colonel,  who  at  once  comprehended 
the  ini,portance  of  Schalch's  remarks,  interrogated  him  with 
respect  to  his  knowledge  of  the  art,  and  found  him  perfectly 
Bonversant  with  all  its  principles.  He  therefore  resolved  to 
tollow  his  advice,  and  quitted  the  Foundry  with  his  own  friends, 
and  as  many  of  the  company  as  could  be  prevailed  on  to  believe 
that  danger  really  existed.   Scarcely  had  they  got  to  a  suf- 
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ficieut  distance,  when  the  furnaces  were  opened,  and  the  metal 
rushed  into  the  moulds  ;  the  moisture  of  which,  as  Schalch  had 
intimated,  immediately  occasioned  a  dreadful  explosion  :  the 
water  was  converted  into  steam,  and  this,  by  its  expansive 
force,  caused  the  burning  metal  to  dart  out  in  every  direction, 
so  that  part  of  the  roof  of  the  building  was  blovim  off,  and  the 
galleries  fell.  Most  of  the  workmen  were  dreadfully  burnt, 
some  lives  were  lost,  and  many  persons  had  their  limbs  broken. 

A  few  days  afterwards,  an  advertisement  appeared  iu  the 
public  prints,  stating,  in  substance,  that  "if  the  young 
foreigner  who,  in  a  conversation  with  Colonel  Armstrong  on 
the  day  of  the  accident  at  the  Foundry  in  Moorfields,  had  sug- 
gested the  probability  of  an  explosion  from  the  state  of  the 
moulds,  would  call  on  the  Colonel  at  the  Tower,  the  interview 
might  conduce  to  his  advantage."  Schalch  was  informed  of 
this  intimation  by  an  acquaintance ;  and  he  directly  waited  on 
Colonel  Armstrong,  who  told  him  that  "the  Board  of  Ord- 
nance had  in  contemplation  to  erect  a  new  Foundry  at  a  dis- 
tance from  the  metropolis,  and  that  he  was  authorised,  through 
the  representation  which  he  had  made  of  his  conviction  of  his 
(Schalch's)  ability,  to  offer  him  a  commission  to  make  choice  of 
any  spot  within  twelve  miles  of  London  for  the  erection  of 
such  a  building  (having  proper  reference  to  the  extensive 
nature  of  the  works,  and  carriage  of  the  heavy  materials),  and 
also  to  engage  him  as  superintendent  of  the  whole  concern." 

This  advantageous  proposal  was  readily  accepted  by  Schalch, 
who,  having  inspected  various  localities,  at  length  fixed  on  the 
Warren  (previously  a  rabbit-warren)  at  Woolwich  as  the  most 
eligible  situation.  Here  the  new  Foundry  was  erected  ;  and  the 
first  specimens  of  ordnance  cast  by  Schalch  were  so  highly 
approved,  that  he  was  fixed  in  the  office  of  Master  Founder,  and 
continued  to  hold  that  post  for  about  sixty  years,  when  he 
retired  to  Charlton.  He  died  in  1776,  when  about  the  age  of 
ninety,  and  lies  buried  in  Woolwich  churchyai-d.  Some  of  the 
largest  mortars  in  the  Arsenal  were  cast  under  his  direction, 
)nd  bear  his  name.  His  attention  and  scientific  knowledge 
-were  so  successfully  applied,  that  not  a  single  accident  happened 
during  all  the  hazardous  pi-ocesses  in  which  he  was  engaged 
during  his  long  service.  Such  was  the  concatenation  of  cir- 
cumstances that  gave  origin  to  the  Royal  Arsenal. 

The  extension  of  Woolwich  Arsenal  in  our  time  has  been  on 
a  stupendous  scale  ;  and  in  no  department  of  the  public  ser- 
vice are  the  vast  mechanical  resources  of  the  age  employed  with 
greater  efficiency ;  yet,  amidst  its  gigantic  works,  it  is  impossible 
to  forget — notwithstanding  the  recent  reorganisation  of  the 
gun-factories  to  bring  out  1000  colossal  guns  in  a  year — the  ser- 
vices of  the  young  Schauffhausen  engineer,  who,  a  century  and 
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a  half  ago,  by  the  seasonable  combination  of  talent  and  oppor- 
tunity, laid  the  foundation  of  the  chief  war  establishment  of; 
the  most  powerful  natiou  in  the  world. 

FAILUEE  OF  "  LONG  EANGES." 

The  published  accounts  of  monster  guns  and  enonnous' 
mortars  may  often  have  led  to  the  question  whether  there  is- 
any  reason  in  the  nature  of  iron  and  gunpowder  why  you  should ; 
not  make  a  cannon  as  large  as  the  Monument,  and  discharge  a . 
ball  of  any  size  to  any  distance.  The  answer  appears  to  be,  as  ■ 
to  the  size  of  the  cannon  itself,  and  consequently  that  of  the 
ball,  there  is  no  limit  at  all,  except  in  the  difficulty  of  casting : 
masses  of  iron  of  more  than  a  very  moderate  thickness  without 
imperfections  of  various  kinds,  which  would  burst  the  gun  when  i 
fired  with  an  enormous  charge  of  powder. 

The  limit  of  distance  to  which  a  ball  can  be  carried  is  de- 
termined by  two  principles.    First,  the  resistance  of  the  air  to 
the  passage  of  the  ball  increases  more  rapidly  as  the  speed  of: 
the  ball  increases  than  the  speed  of  the  ball  itself.    So  that  if: 
an  enormous  initial  force  were  brought  to  bear  on  the  ball  at ; 
first  starting,  it  would  encounter  so  immense  a  resistance  that, 
the  total  result  would  appear  to  be  inconsiderable.    The  resist- 
ance of  the  air  in  arresting  the  progi-ess  of  a  ball  may  be  in- 
ferred from  the  fact,  that  a  projectile  which  in  our  atmosphere  ■ 
ranges  little  more  than  two  miles,  would  in  vacuo  have  a  range 
of  more  than  sixty. 

The  other  curious  principle  connected  with  the  subject  is  • 
that  the  efficiency  of  an  explosive  compound  depends  rather  on 
its  elasticity  than  its  disruptive  power.  Elasticity  is  the  gra- 
dual progressive  development  of  force  ;  and  if  a  compound  ex- 
pends the  whole  of  its  force  at  once,  it  does  not  produce  any 
thing  like  the  eflPect  which  would  follow  upon  a  more  gradual , 
evolution  of  force,  though  the  explosion  might  be  less  powerful. 
Fulminating  silver,  for  example,  would  be  a  very  bad  substi- 
tute for  gunpowder,  even  if  any  cani^on  could  be  found  which 
would  not  burst  to  atoms  on  its  explosion. 

These  considerations  show,  amongst  other  things,  that  it  is 
impossible  that  immensely  long  ranges  should  ever  be  attained 
by  increasing  the  initial  force  of  a  projectile,  or  by  using  ex- 
plosive compounds  stronger  than  gunpowder.  Such  results 
can  only  be  obtained  either  by  the  principle  of  the  rocket,  or  by 
the  diminution  of  the  resistance  of  the  air  by  means  of  proper 
alterations  in  the  forms  of  projectiles.  One  of  the  longest  shots 
ever  made  was,  according  to  Dr.  Scoffern,  something  more  than 
four  miles.  The  projectile  used  was  a  shell  filled  with  lead, 
which  was  fired  from  a  fifty-six-pound  gun. 
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FLOATING  BEICKS. 

Bricks  which  floated  on  water  are  mentioned  by  Posidonius, 
Strabo,  and  Vitruvius  Pollio  as  having  been  made  of  an  alu- 
minous earth  found  in  Spain,  for  building,  on  account  of  their 
lightness.  Pliny  also  mentions  a  pumice-like  earth  possessing 
these  properties.  In  1791,  Giovanni  Fabroni  formed  floating 
bricks  from  a  siliceous  earth  found  at  Santafiore  in  Tuscany  ; 
they  were  also  such  bad  conductors  of  heat  that  they  might  be 
held  by  one  end  in  the  hand  while  the  other  end  was  red-hot ; 
and  similar  bricks  have  been  made  from  the  siliceous  earth  dug 
on  the  borders  of  the  Spree  at  Berlin ;  whereas  floating  bricks 
were  hitherto  thought  to  be  "  wonders  of  the  ancients." 

ANTIQUITY  OF  STENCIL. 

In  the  Philosophical  Transactions  for  1738,  vol.  xl.  p.  393, 
we  read  that  Procopius,  in  his  Historia  Arcana,  says,  the  Em- 
peror Justinius,  not  being  able  to  write  his  name,  had  a  thin, 
smooth  piece  of  board,  through  which  were  cut  holes  in  the 
form  of  the  four  letters  J .  V .  S .  T.,  which,  laid  on  the  paper, 
Berved  to  direct  the  point  of  his  pen  ;  his  hand  was  guided  by 
another.  Possibly,  this  may  likewise  have  given  the  hint  to  the 
first  of  our  card-makers,  who  painted  their  cards  in  the  same 
manner,  by  plates  of  pewter  or  copper,  or  only  pasteboard,  with 
silts  m  them  m  forms  of  the  figures  that  are  to  be  painted  on 
the  cards.  Such  is  the  art  of  Stencil,  which  has  been  applied 
in  our  time  to  decorating  the  waUs  of  rooms,  as  well  as  to  the 
marking  of  linen. 


THE  HYDROSTATIC  PRESS. 

When  Pascal,  in  1653,  was  pursuing  his  experiments  on  the 
weight  of  the  air,  in  order  to  determine  the  general  conditions 
ot  the  equilibrium  of  fiuids,  he  supposed  two  unequal  apertures 
to  be  made  in  a  vessel  filled  with  a  fluid  and  closed  on  all  sides. 
It  two  pistons  are  applied  to  these  apertures,  aud  pressed  by 
forces  proportional  to  the  area  of  the  apertures,  the  fluid  wifl 
reroain  i/i  eqxnlibrio.  Having  established  this  truth,  Pascal 
deduced  from  It  the  diflferent  cases  of  the  equilibrium  of  fluids, 
and  particularly  with  solid  bodies,  compressible  and  incompres' 
Bible  when  either  partly  or  wholly  immersed  in  them.  But  the 
most  remarkable  part  of  this  discovery,  and  one  which  of  itself 
would  have  immortalised  him,  is  his  application  of  the  general 
principle  to  the  construction  of  what  he  calls  the  Median ical 
Machine  for  mvltiplymg  forces,  an  effect  which  he  says  may 
be  produced  to  any  extent  we  choose,  as  one  man  may  by 
means  of  this  machine  raise  a  weight  of  any  magnitude  This 
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new  machine  is  the  Hydrostatic  (or  Hydratdic)  Press,  first  in-- 
troduced  by  Mr.  Bramah  in  1796.— iVori/t  British  Review,  No.  2. 

PNEUMATIC  PILE-DEIVING. 

_  This  new  method,  by  Potts,  consists  in  sinking,  as  piles  for- 
bridge-piers,  tubes  by  means  of  the  air-pump,  the  tube  or: 
pile  sinking  as  the  exhausting  process  is  continued  ;  and  thee 
tubes  being  put  down  so  that  their  heads  are  level,  to  them  iSi 
fixed  a  cast-iron  plate,  on  which  the  pier  is  built.  The  tubess 
have  been  increased  to  five  and  seven  feet  diameter,  when  the? 
sinaple  exhausting  process  not  being  sufficient  to  overcome  the? 
friction  of  the  sides,  another  vessel  is  introduced  between  the; 
tube  and  the  air-pump  ;  and  this  being  first  exhausted,  a  com- 
munication is  opened  between  the  tube  and  the  exhausted  ves- 
sel, when  a  double  effect  is  produced— the  excavating  or  exhaust- 
ing process,  as  in  the  former  instance,  with  the  addition  of  ai 
sudden  blow  on  the  head  of  the  piles. 

THE  WATER-WOEKS  AT  THE  CRYSTAL  PALACE,  SYDENHAM. 

The  magnitude  of  this  system  offountains  may  be  conceived, 
from  the  circumstance,  that  when  the  great  waters  are  in  full 
operation,  there  are  11,788  jets  playing,  and  that  the  quantity 
of  water  simultaneously  displayed  in  them  is  about  120,000 
gallons  per  minute.  The  water  is  supplied  from  three  different ; 
elevations,  but  principally  from  a  reservoir  containing  about i 
six  and  a  half  millions  of  gallons.  The  water  is  in  part  obtained : 
from  an  Artesian  Well,  575  feet  deep,  through  clay  and  sand  for; 
360  feet  from  the  surface,  and  chalk  for  the  remainder. 

The  water-towers  raise  a  supply  of  water  to  such  an  elevation  i 
as  to  play  jets  to  the  height  of  250  feet,  or  48  feet  higher  tham 
the  London  Monument.    Each  tower  consists  of  1 1  stories,  and  i 
a  chimney-shaft  surrounded  by  6  water  columns;  and  round  I 
the  chimney  is  a  staircase  of  404  steps.    The  extreme  height . 
of  the  chimney  is  276  feet,  and  the  cast-iron  cap  is  14  feet  in 
height,  by  16  feet  in  diameter.    Each  towet  is  strengthened  by 
ten  wrought-iron  diaphragms,  between  the  columns,  tied  to- 
gether by  iron  rods.    The  columns  communicate  with  the  bot- 
tom of  the  tank,  through  the  centre  of  which  the  chimney 
shafts  go  :  each  tank  is  38  feet  deep,  and  47  feet  diameter,  and  ; 
will  contain  448,000  gallons,  or  about  2000  tons  of  water.  The 
total  weight  on  the  foundation  when  the  tank  is  full  of  water 
is  3000  tons.    Each  tower  furnishes  but  one  jet  of  water,  the  ; 
pressure  on  the  square  inch  at  the  mouth  of  the  jet  being  262  lbs. 
The  engineer  of  the  towers  was  Mr.  I.  K.  Brunei ;  and  the  ■ 
whole  of  the  works  were  designed  by  Sir  Joseph  Paxtou,  M.P. 
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STKENGTH  OF  PAPER. 

In  1837,  Mr.  Cowper,  during  a  lecture  which  he  delivered 
before  the  Society  of  Arts,  produced  a  quarto  sheet  of  post 
writing-paper,  the  ends  of  which  he  had  pasted  together,  thus 
forming  an  endless  web.  Into  this  web  he  inserted  two  rods 
of  wood,  to  one  of  which  was  attached  a  half-hundred  weight, 
and,  taking  the  other  in  bis  hands,  he  raised  the  weight.  With 
the  same  sheet,  he  observed,  had  been  lifted  ofi"  the  ground  a 
man  who  weighed  150  pounds.  With  a  bank-note,  Mr.  Cow- 
per also  stated,  could  be  lifted  18  pounds. 

CIPHEE-WKITINGr. 

Mr.  Babbage,  in  a  communication  to  the  Council  of  the 
Society  of  Arts,  in  1855,  offers  the  following  remarks  on  "the 
fascinating  art  of  deciphering." 

*'  To  contrive  a  cipher  which  cannot  be  deciphered  is  not 
a  question  of  importance.  To  be  really  useful,  the  cipher 
must  be  capable  of  being  easily  and  quickly  written  by  the 
person  using  it,  and  as  easily  and  quickly  read  by  the  person  to 
whom  it  is  addressed. 

*'  The  art  of  deciphering  resembles  that  of  picking  locks. 
The  greater  number  of  locks  can  be  picked,  and  the  only  ques- 
tion is,  what  time  each  requires. 

"  Mr.  Hobbs,  during  the  Exhibition  of  1851,  picked  Bra- 
mah's  challenge  lock  in  about  56  hours. 

"  The  performers  in  a  celebrated  robbery  of  a  bank  in  Scot- 
land spent  three  months  in  passing  through  three  locks. 

"  The  last  inscrutable  cipher  I  deciphered  cost  me  thirty 
hours.  Some  have  cost  me  four  or  five  working  days.  A  ci- 
pher deciphered  in  Paris,  for  the  French  Government,  occupied 
its  decipherer  fully  during  several  months. 

*'  Any  intelligent  schoolboy  can  make  a  cipher  which  shall 
cost  hours,  and  even  days,  for  its  solution ;  and  it  is  a  fact, 
that  very  clever  men,  who  have  not  studied  deciphering,  have 
frequently  invented  ciphers  which  nothing  (but  their  solution) 
could  convince  them  were  not  inscrutable. 

"  Under  these  circumstances,  decipherers  have  an  under- 
standing amongst  themselves  never  to  examine  any  challenge 
cipher  unless  the  proposer  has  already  proved  his  knowledge  of 
the  subject  by  having  deciphered  ciphers  of  admitted  diflSculty. " 

THE  MANIFOLD  LETTER-WRITER  ANTICIPATED. 

Sir  William  Petty,  in  his  scheme  to  establish  a  Scientific 
Academy  or  College  (the  predecessor  of  that  of  the  Royal 
Society),  recommends  writing  to  be  multiplied  by  means  of  an 
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instrument  which  he  invented,  and  for  which  Parliament 
gr-anted  him  a  patent  for  seventeen  years.  He  called  it  his  art 
of  double  writing,  and  described  the  instrument  as  being  off 
"  small  bulk  and  price,  easily  made,  and  very  durable."  This- 
is  the  prototype  of  the  "  Manifold  Letter- Writer"  of  modern 
times,  which  has  merely  accomplished  what  Sir  William  Petty, 
effected  in  1648.  A  full  account  of  the  invention  is  given  in. 
Ward's  Lives  of  the  Gresimm,  Professors,  p.  218. 

whitworth's  diyiding  ihachine. 

This  machine  nas  been  exhibited  in  action  by  Mr.  Whitworth 
to  the  Institution  of  Mechanical  Engineers,  showing  that  an 
advance  of  -000001  inch  (l-l,000,000th  of  an  inch)  was  dis- 
tinctly indicated  by  the  gravity-piece  becoming  suspended  in- 
stead of  falling;  and  the  turning  back  of  the  divided  wheel! 
through  two  divisions,  representing  -000002  inch,  was  then, 
sufficient  to  cause  the  gravity-piece  to  drop,  and  included  con- 
sequently all  the  play  in  the  four  bearings  of  the  two  screws 
and  two  collars.    Mr.  Whitworth  showed  also  that  the  fineness  i 
of  measurement  obtained  by  the  machine  was  sufficient  to  de- 
tect  the  expansion  in  length  of  an  inch  bar  caused  by  a  momen- 
taiy  touch  of  the  finger,  the  bar  then  measuring  -000001  inch 
longer  than  previously  (the  expansion  of  iron  being  about 
l-160,000th  of  its  length  for  each  degree  Fahr. ;  a  rise  of  tem- 
perature of  l-7th  of  a  degree  expands  an  inch  bar  l-l,000,000th 
of  an  inch).  He  stated  that  in  his  larger  machine  for  measuring 
the  standard  yard,  with  a  bar  36  inches  long,  the  same  amount 
of  expansion  was  shown  by  the  momentary  contact  of  the 
finger-nail.    The  finest  measurement  required  the  precautious 
of  freedom  from  dust  and  moisture  in  the  atmosphere,  and  from 
any  current  of  air  interfering  with  uniformity  of  temperature ; 
and  the  machine  was  therefore  kept  in  its  glass- case  during  the 
time  of  use,  with  an  opening  only  sufficient  for  moving  the 
micrometer  wheel  and  lifting  the  gi-avity-piece ;  by  sufficient 
care  in  these  respects  the  measure  of  a  space  corresponding  to 
half  a  division  on  the  wheel,  or  1 -2,000,000th  of  an  inch,  had 
been  rendered  distinctly  perceptible. 

AMERICAN  CHRONOMETER. 

One  of  the  New  York  Chronometers  supplied  to  th«  Grinnell 
Arctic  Expedition,  after  being  subjected  to  the  severest  tests, 
yet  was  so  exquisitely  provided  with  adjustments  and  com- 
pensations fur  the  very  great  extremes  of  temperature  to  which 
it  had  been  subjected,  that  in  a  polar  winter  it  was  returned 
with  a  change  in  its  daily  rate,  during  a  year  and  a  half,  of 
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only  the  18,000th  part  of  one  second  in  that  time.  The  tem- 
perature registered  during  the  winter  in  Wellington  Straits  was 
actually  46°  below  zero. 

Horology  has  enabled  us  to  discover  that  when  the  wind 
passes  one  mile  per  hour  it  is  scarcely  perceptible ;  while  at 
the  rate  of  one  hundred  miles  per  hour  it  acquires  sufficient 
force  to  tear  up  trees  and  destroy  the  produce  of  the  earth. 
Without  the  aid  of  a  seconds  clock,  it  would  have  been  scarcely 
possible  to  ascertain  that  a  cannon-ball  flies  at  the  rate  of  6Q0 
feet  in  a  second. 

GEOLLIEE  AND  HIS  CLOCKS. 

At  the  close  of  the  16th  century  (1596),  was  bom  at  Lyons 
Nicholas  Qrolher  de  Serviere,  whose  career  appears  to  have 
been  a  long  life  of  ingenuity.  He  died  in  1689.  At  the  age 
of  fourteen  he  served  in  the  army  in  Italy,  and  lost  an  eye  at 
the  siege  of  Verceuil.  He  afterwards  served  in  Flanders, 
whence  he  passed  into  Germany,  entered  the  service  of  the 
Emperor  Ferdinand,  and  distinguished  himself  at  the  battle  of 
Prague.  On  his  return  to  France,  his  knowledge  of  mathe- 
matics and  mechanics  enabled  him  to  render  considerable  ser- 
vice to  his  country  in  the  memorable  sieges  of  the  time  of 
Louis  XIV. 

After  many  adventures,  GroUier  retired  from  the  service, 
and  amused  himself  by  inventing  and  constructing  curious 
clocks  models  of  floating-bridges,  machines  for  raising  water, 
and  wheels  for  propelling  boats,  similar  in  action  to  the  paddle- 
wheel  now  used  in  steam-boats,  but  worked  by  manual  labour, 
ihese  models,  with  various  mechanical  puzzles,  and  curious 
specimens  of  turning  in  ivory,  formed  a  cabinet  of  curiosities 
at  Lyons,  a  description  of  which  was  published  by  GroUier's 
grandson. 

Mr.  Adam  Thompson,  in  his  Time  and  Time-keepers, 
describes  several  of  GroUier's  clocks.  In  one,  time  was  mea- 
sured by  the  descent  of  a  ball  in  a  metal  groove,  twisted  round 
columns  supporting  a  dome:  when  the  ball-finished  its  descent. 
Its  weight,  lifting  a  detent,  discharged  the  wheel-work,  giving 
motion  to  an  Archimedean  screw,  which  raised  the  ball  to  its 
former  position,  again  to  descend  as  before. 
i^.v  f  1°''^'  ^^^^  descended  in  diagonal  lines  on  an 
irot'ttfeln  ""^^  ^  ^^-S  Mdden 

hJ"^  the  third  clock,  the  ball  was  made  to  traverse  within  the 
bodies  of  two  serpents,  which,  by  a  reciprocatmg  motion,  were 
made  to  swallow  the  ball  alternately."^  A  compound  of  the 
motions  m  the  two  last  clocks  (says  Mrf  Thompson)  was  adop  ed 
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by  a  scientific  gentleman  about  fifty  years  since  ;  and  time 
pieces  on  this  principle  are  called  Congreve  clocks. 

GrolUer  made  some  of  his  clocks  go  by  their  own  weight, , 
descending  inclined  planes,  and  others  in  grooves,  forming  a 
path  from  the  ceiling  to  the  floor.    When  the  clock  had  nearly 
finished  its  descent,  it  was  lifted  off,  and  again  placed  at  the 
highest  point  of  its  path  ;  when  the  clock  was  lifted,  the  hands  s 
were  set  to  the  proper  time  before  it  was  again  replaced. 

Several  clocks  upon  this  principle  have  since  been  projected.:, 
some  as  novelties,  and  others  for  the  purpose  of  avoiding  theo 
casualties  to  which  main-springs  and  weight-lines  are  liable. 
A  curiosity  of  this  kind,  made  by  Maurice  Wheeler,  was  ex- 
hibited in  Don  Saltero's  collection  at  Chelsea.    The  Marquis  oi 
Worcester  is  said  to  have  invented  another.    And  one  inventedl 
by  M.  de  Genues  indicated  time  by  its  ascent  on  an  inclined! 
plane  ;  but  this  machine,  as  may  be  supposed,  had  a  spring,' 
for  its  maintaining  power.    The  clock  was  kept  in  equilibriun: ; 
by  a  weight  at  the  end  of  a  lever ;  the  unwinding  of  the  springes 
made  the  weight  change  its  position,  thus  changing  the  centw-j 
of  gravity,  and  causing  the  clock  to  ascend  the  plane. 

Various  methods  have  been  devised  to  supersede  the  going 
weight  and  main-spring,  and  to  renew  with  facility  the  main-  ■ 
taining  power.  Que  time-piece  of  this  sort  hung  like  a  lamj: 
from  the  ceiling,  and  was  kept  going  by  its  own  weight  in  de. 
scending.  To  renew  the  maintaining  power  (to  wind  it  up)., 
it  was  only  necessary  to  raise  or  push  it  towards  the  ceilings 
when  it  would  continue  to  go  as  before. 

Among  other  methods  of  showing  time,  Grollier  contrivec 
the  following  clocks  to  surprise  his  visitors.  A  small  figure  o 
a  tortoise,  dropped  into  a  pewter  plate  filled  with  water,  havm^ 
the  hours  marked  on  the  flat  edge,  would  float  round,  and  sto] 
at  the  proper  hour  :  if  moved,  it  would  again  retm-n  ;  and  i 
the  tail  were  placed  at  the  hour,  it  would  turn  round,  and  agait: 

point  with  the  head.  i..  i.  xi.  v 

A  lizard  was  seen  ascending  a  pillar  on  which  the  Hour 
were  marked,  and  pointing  to  the  time  as  the  day  advanced. 

The  figure  of  a  mouse  was  also  made  to  move  on  a  cornice 
and  point  to  the  hours  marked  upon  it.    These  (says  Mi 
Thompson)  were  simple  contrivances,  requiring  but  a  httl 
address  to  give  a  hidden  motion  to  a  magnet :  the  mtervem 
ing  substances  between  it  and  the  figure  being  thin,  the  attracc 
tion  was  sufficiently  strong. 

Scarcely  any  of  Grollier's  ingenious  works  now  remain. 

INVENTION  OF  THE  SMOKE-JACK. 
Heated  air  has  been  turned  "to  sundry  pleasant  uses,  a» 
for  the  moving  of  sails  in  a  chimney-corner,  the  motion  oa 
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which  sails  may  be  applied  to  the  turning  of  spits,  or  the  like." 
Thus  writes  Bishop  Wilkins,  adding  :  "  But  there  is  a  better 
invention  to  this  pui-pose,  mentioned  by  Cardan,  whereby  a  spit 
may  be  turned  (without  the  help  of  weights)  by  the  motion  of 
the  air  that  ascends  the  chimney ;  and  it  may  be  useful  for  the 
roasting  of  many  or  great  joints  :  for  as  the  fire  must  be  in- 
creased according  to  the  quantity  of  meat,  so  the  force  of  the 
instrument  may  be  augmented  proportionably  to  the  fire.  In 
which  contrivance  there  are  these  conveniences  above  the  jacks 
of  ordinary  use  :  1.  It  makes  little  or  no  noise  in  the  motion. 
2.  It  needs  no  winding  up,  but  will  constantly  move  of  itself, 
while  there  is  any  fire  to  rarefy  the  air.  3.  It  is  much  cheaper 
than  the  other  instruments  that  are  commonly  used  to  this 
purpose  ;  there  being  required  imto  it  only  a  pair  of  sails,  which 
must  be  placed  in  that  part  of  the  chimney  where  it  begins  to 
be  straitened ;  and  one  wheel,  to  the  axis  of  which  the  spit- 
line  must  be  fastened.  (Here  we  have  the  ordinary  Smoke- 
jack.) 

"  The  motions  of  these  sails  may  likewise  be  serviceable  for 
sundry  other  purposes  besides  the  turning  of  a  spit :  for  the 
chiming  of  bells,  or  other  musical  devices  ;  there  cannot  be  any 
more  pleasant  contrivance  for  continual  and  cheap  music.  It 
may  be  useful  also  for  the  reeling  of  yarn,  the  rocking  of  a  ci-a- 
dle,  with  divers  the  like  domestic  occasions."— i/a^Amaiica? 
Magic,  book  ii. 

The  Bishop  adds  that  Ctesibius  made  by  this  kind  of  mo- 
tion his  representations  of  living  creatures,  whether  birds  or 
beasts. 

ANCHORS,  ANCIENT  AND  MODERN. 

The  invention  of  the  Anchor  has  been  ascribed  by  some  to 
the  Tyrrhenians,  by  others  to  Midas,  the  son  of  Gordius, 
whose  anchor,  Pausanias  tells  us,  was  preserved  till  his  days 
in  one  of  Jupiter's  temples.*  The  most  ancient  anchors  were 
of  stone,  and  sometimes  of  wood,  to  which  a  quantity  of  lead 
was  fixed.  Buckets  full  of  stones  and  sacks  full  of  sand  were 
employed  for  the  same  use.  These  were  let  down  by  cords  into 
the  sea,  and  by  their  weight  stayed  the  course  of  the  ship. 
Afterwards,  Anchors  were  made  of  iron,  and  furnished  with 

.  's  men  Honed  at  the  opening  and  the  close  of  the  sixth  .^neid 

of  \  irgil.    Thus  .^Lneas  having  reached  the  Cumajan  shore, 

"turn  f'ente  tenaci 
Ancora  fundabat  naves." 
("  Their  anchors  dropp'd,  his  crew  the  vessels  moor."  Drydai.) 
And  the  final  line — 

"  Ancora  de  prora  jacitur,  stant  litore  pnppes." 
("At  len^'th  on  oozy  Kroinid  his  gallevs  moor; 
Their  heads  are  turned  to  sea,  their  stems  to  shore."  Dryden.) 
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teeth  or  flukes,  at  first  one  only  :  a  second  was  added  by  Eupa- 
lamus  or  Anarcharsis,  the  Scythian  philosopher.  The  anchors 
with  two  flukes,  from  ancient  monuments,  appear  to  have 
resembled  those  used  in  our  days,  except  that  the  transverse 
piece  of  wood  is  wanting  in  all  of  them.  Every  ship  had 
several  anchors,  the  largest  of  which  was  termed  sacra,  and 
was  never  used  but  in  extreme  danger;  whence  sacram  an- 
choram  solvere  is  proverbially  applied  to  such  as  are  driven  to 
their  last  refuge. 

The  ancients  had  anchors  even  in  the  time  of  Archimedes. . 
The  great  galley  of  Hiero  had  four  wooden  and  eight  iron  an- 
chors. In  the  ship  on  board  which  St.  Paul  was  a  prisoner- 
(described  in  the  Acts),  the  sailors  dropped  four  anchors  from . 
the  stern,  which,  however  opposed  to  modern  usage,  was^ 
undoubtedly  the  ancient  method  of  letting  the  anchor  fall  at ; 
that  period. 

The  Chinese,  who  may  be  supposed  to  adhere  to  ancient; 
forms,  are  said  to  use  chiefly  crooked  pieces  of  wood. 

The  improvement  of  the  Anchor  in  modem  time  has  received! 
great  attention  from  British  manufacturers.  In  a  grand  trial 
of  "Anchors  of  all  Nations,"  made  at  the  Royal  Dockyard,. 
Sheerness,  Trotman's  improved  Norton's  anchor,  on  the  swivel, 
principle,  was  shown  to  possess  very  considerably  more  holding; 
property  than  any  other  anchor.  In  this  improved  anchor  the 
arms  or  flukes  are  forged  wholly  independent  of  the  shank,, 
but  are  bolted  to  a  pivot  or  fulcrum  at  the  end,  round  which^ 
the  flukes  freely  move,  thus  departing  at  once  from  the  rigidity' 
usual  in  the  construction  of  anchors.  The  joint  resembles  that  ; 
which  connects  the  wires  of  an  umbrella  with  the  ribs,  so  that  , 
the  flukes  move  round  the  pin  or  bolt  as  an  axis ;  and  when  one. 
fluke  enters  the  ground,  the  other  necessarily  falls  down  upon 
the  shank,  thereby  avoiding  the  danger  incident  to  the  upward; 
projection  of  a  sharp  point.  By  this  means  is  avoided  "  foul- 
ing," by  the  cable  passing  over  the  exposed  fluke  when  thfe; 
vessel  is  swinging  in  a  tide-way,  or  injury  in  the  event  of  thee 
vessel  falling  upon  her  anchor.  Of  this  kind  is  the  large  an- 
chor of  the  Great  Eastern  steam-ship,  which  was  mauufacturedi 
at  the  Chester  Works,  Liverpool.  This  anchor  weighs  6  tonas 
19  cwt.  2  qrs.,  and  being  of  Trotman's  patent,  is  equal  to  ana 
ordinary  anchor  of  10  tons.  The  largest  anchor  used  in  thee 
British  navy  is  4^  to  5  tons,  of  the  ordinary  kind,  and  costingg 
about  300^. 

THE  MAGIC  WHIELPOOL, 

The  singular  property  of  camphor  to  rotate  upon  the  sur^ 
face  of  water  is  illustrated  in  the  following  experiments,*, 
abridged  from  the  Magazine  of  Popular  Science,  vol.  lii. 
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Fill  a  glass  tumbler  with  water,  throw  upon  its  siu-face  a  few  shav- 
ings of  camphor,  and  they  will  instantly  begin  to  move  and  acquire  a 
motion  both  progressive  and  rotatory,  which  will  continue  for  a  con- 
siderable time.  During  these  rotations,  if  the  water  be  touched  by  any 
substance  at  all  greasy,  the  floating  particles  will  forcibly  dart  back, 
and,  as  if  by  a  stroke  of  magic,  be  instantly  deprived  of  their  motion. 

If  the  water  be  made  hot,  the  motion  of  the  camphor  will  be  more 
rapid  than  in  cold  water,  but  will  cease  in  proportionally  less  time. 
Thus,  provide  two  glasses,  one  containing  water  at  58  degrees  and  the 
other  at  210  degrees  ;  place  raspings  of  camphor  upon  each  at  the 
same  time.  The  camphor  in  the  first  glass  will  rotate  for  about  five 
hom-s,  uutU  all  but  a  very  minute  portion  has  evaporated  ;  but  the  rota- 
tion of  the  camphor  in  the  hot  water  will  last  only  nineteen  minutes  ; 
about  half  the  camphor  will  pass  off,  and  the  remaining  pieces,  instead  of 
being  dull,  white,  and  opaque,  will  be  vitreous  and  transparent,  and 
evidently  soaked  with  water.  The  gyrations,  too,  which  at  first  will  be 
very  rapid,  will  gradually  dechne  in  velocity,  until  they  become  quite 
sluggish. 

The  stilling  influence  of  oil  upon  waves  has  become  proverbial  :* 
the  extraordinary  manner  in  which  a  small  quantity  of  oil  instantly 
spreads  over  a  very  large  sm-face  of  troubled  water,  and  the  stealthy 
manner  in  which  even  a  rough  wind  glides  over  it,  must  have  excited 
the  admiration  of  all  who  have  witnessed  it. 

By  the  same  principle,  a  drop  of  oil  may  be  made  to  stop  the  motion 
of  the  camphor  as  follows ;  throw  some  camphor,  both  in  sUces  and  in  small 
particles,  upon  the  surface  of  water,  and  while  they  are  rotating,  dip  a 
glass  rod  into  oil  of  turpentine,  and  allow  a  single  drop  thereof  to  triclde 
down  the  inner  side  of  the  glass  to  the  surface  of  the  water  :  the  cam- 
phor will  instantly  dart  to  the  opposite  point  of  the  liquid  surface,  and 
cease  to  rotate.  If  a  piece  of  hard  tallow  or  lard  be  employed,  the  mo- 
tion of  the  camphor  will  be  more  slowly  stopped  than  by  oil  or  fluid 
grease,  as  the  latter  spreads  over  the  surface  of  the  water  with  greater 
rapidity. 

If  a  few  drops  of  sulphvunc  or  muriatic  acid  be  let  fall  into  the  water, 
they  will  gradually  stop  the  motion  of  the  camphor  ;  but  if  camphor  be 
dropped  into  nitric  acid  diluted  with  its  own  bulk  of  water,  it  will  rotate 
rapidly  for  a  few  seconds,  and  then  stop. 

If  a  piece  of  the  rotating  camphor  be  attentively  examined  with  a  lens, 
the  currents  of  the  water  can  be  well  distinguished,  jetting  out  chiefly 
from  the  corners  of  the  camphor,  and  bearing  it  round  with  irregular 
force. 

The  currents,  as  given  out  by  the  camphor,  may  also  be  seen  by 
means  of  the  microscope  ;  a  drop  or  two  of  pure  water  being  placed 
upon  a  slip  of  glass,  with  a  particle  of  camphor  floating  upon  it.  By 
this  means  the  cuiTenta  may  be  detected,  and  it  will  be  seen  that  they 
cause  the  rotations. 

Or  a  flat  watch-glass,  called  a  lunar,  may  be  employed,  i-aised  a  few 
inches,  and  supported  on  a  wire  ring  kept  steady  by  thnisting  one  end 
into  an  upright  piece  of  wood  like  a  retort-stand.  Then  put  the  cam- 
phor and  water  in  the  watch-glass,  and  place  under  the  frame  a  sheet 
of  white  paper,  so  that  it  may  receive  the  shadow  of  the  glass,  camphor, 
&c.,  to  be  cast  by  a  steady  hght  placed  above,  and  somewhat  on 
one  side  of  the  watch-glass.  On  observing  the  shadow,  which  may  be 
considered  a  ma^^nified  representation  of  the  object  itself,  the  rota- 
tions and  ciurents  can  be  distinguished. 

*  See  Thinffs  not  generally  Known,  First  Series,  p.  2G. 
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BLAZE-PROOF  DEESSES. 

The  frequent  accidents  of  ladies'  dresses  taking  fire  teach  a  < 
iessou  which  must  not  be  neglected  ;  for  nothing  can  be  more 
simple  than  to  render  the  fabrics  of  which  dresses  are  made 
biaze-proof    The  most  delicate  white  cambric  handkerchief 
or  fleecy  gauze,  or  the  finest  lace,  may,  by  simply  soaking  it  m 
a  weak  solution  of  chloride  of  zinc,  be  so  protected  that  if  held- 
in  the  flame  of  a  candle  it  may  be  reduced  to  tinder  without 
blazing. 

Messrs.  Versmann  and  Oppenheim,  in  a  paper  read  before ' 
the  British  Association,  show  that  sulphate  of  ammonia  and  I 
tungstate  of  soda  have  the  property  of  making  Unen  and  cotton  i 
fabrics  uninflammable,  and  do  not  injure  or  discolour  them  in 
washing.    Preparations  of  these  salts  are  used  in  the  Royal 
Laundry;  and  their  general  adoption  would  prevent  a  vast 
number  of  those  dreadful  accidents  which  now  almost  daily 
occur  to  children  and  others.    MM.  Doebereiner  and  Alsner, 
after  discussing  the  merits  of  borax,  alum,  and  soluble  glass, 
for  dimmishiug  the  combustibility  of  cotton  tissues,  recom- 
mend phosphate  of  ammonia,  which  is  cheap,  and  can  be  easily 
combined  with  sal  ammoniac,  and  introduced  into  the  starch 
with  which  the  tissues  are  prepared. 

THE  INVISIBLE  DESPATCH. 

Writing  with  rice-water,  to  be  rendered  visible  by  the  applica- 
tion of  iodine,  was  practised  successfully  in  the  correspondence 
with  J ellalabad,  in  our  last  war  with  Afghanistan.  The  first 
letter  of  this  kind  was  concealed  in  a  quill.  On  opening  it,  a 
small  paper  was  unfolded,  on  which  appeared  only  the  simple 
word  "  iodine."  The  magic  liquid  was  applied,  and  therewith 
appeared  an  important  despatch  from  Sir  Robert  Sale. 

CURIOUS  TRANSMUTATION. 

It  is  perhaps  difficult  to  believe  that  the  same  salt  (common 
salt)  should  be  a  chloride  of  sodium  in  the  hand  and  a  mu- 
riate of  soda  in  the  mouth  ;  but  it  is  nevertheless  true ;  nor  is  it 
more  incredible  than  the  change  which  sulphuret  of  potash  un- 
dergoes by  solution,  the  decomposition  of  which  is  rendered 
evident  to  the  senses  by  the  evolved  sulphuretted  hydrogen. — 
Dr.  Paris. 

ANNIHILATION  OF  THE  SMELL  OF  MUSK. 

Some  years  ago,  the  emulsion  of  bitter  almonds  was  found 
to  possess  the  property  of  annihilating  the  smell  of  musk,  and 
niost  of  the  cyanic  preparations  evince  the  same  power.  Accord- 
ing to  M.  Mertot,  a  druggist  of  Bayeux  in  Normandy,  ergot  of 
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rye  will  produce  the  same  eflfect.  This  he  learned  by  having 
to  prepare  a  number  of  pills  containiug  both  musk  and  ergot, 
when  no  sooner  were  the  two  substances  mixed  than  the  smell 
completely  went  off. 

BOILING  CHECKS  FERMENTATION. 

M.  Renault,  Director  of  the  Veterinary  School  of  Alfort, 
France,  has  shown  that  the  baking  and  roasting  of  meats,  and 
the  boiling  of  liquids  arising  from  animals  affected  with  conta- 
gious diseases,  have  the  effect  of  completely  annihilating  the 
virulent  properties  of  these  substances.  The  practical  value  of 
this  fact  will  be  appreciated  by  many  of  the  inhabitants  of  large 
cities,  who  are  obliged  to  use  milk  and  some  other  articles  of 
food  which  are  not  of  the  best  quality. 

DIRTY  WINDOWS. 

Every  one  has  observed  upon  dirty  windows  in  the  metro- 
polis small  tree-like  crystalHsations  :  these  consist  of  sulphate 
of  ammonia,  which  is  produced  in  the  atmosphere  by  the  burn- 
ing of  vast  quantities  of  coal,  combining  with  the  sulphurous 
acid  in  the  air. 

THE  CHEMISTRY  OF  MORTAR. 

When  limestone  is  burnt,  the  carbonic-acid  gas  is  expelled 
from  it,  and  there  remains  nothing  but  a  pure  alkaline  earth. 
Then,  if  water  be  mixed  with  it,  as  in  making  mortar,  the  lime 
re-absorbs  carbonic  acid,  acquires  hardness,  and  again  becomes 
limestone. 

TO  COVER  LACE  OR  NET  WITH  COPPER. 

This  beautiful  experiment  can  be  performed  by  any  person 
in  possession  of  a  simple  galvanic  battery.  First,  make  a  satu- 
rated solution  of  sulphate  of  copper  in  a  vessel  large  enough  to 
contain  the  net  or  lace  that  is  to  be  experimented  upon  fully 
stretched  out.  Next  stretch  the  net  or  lace  upon  a  copper 
ring ;  then  dust  it  well  over  with  the  best  black-lead,  using  a 
camel-hair  brush  to  rub  it  into  every  part.  This  black-lead 
acts  as  a  conductor  to  the  electricity,  when  the  net  is  attached 
to  the  battery.  In  fixing  the  apparatus  the  ring  and  net  are  to 
be  attached  to  the  wire  in  connection  with  the  zinc  end  of 
the  battery,  and  then  perfectly  immersed  in  the  copper  solu- 
tion. A  piece  of  copper  attached  to  the  wire  in  connection 
with  the  copper  end  of  the  battery  must  also  be  inserted  in  the 
decomposing  vessel  facing  the  net,  not  touching  it ;  this  not 
only  acts  as  a  conductor,  but  also  maintains  the  solution  of 
copper  of  a  permanent  strength.  In  a  short  time  the  copper 
will  be  found  to  creep  over  the  whole  surface  of  the  net.  If 
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desired,  it  may  afterwards  be  gilt  or  silvered  by  the  same^ 
process,  provided  that  gold  or  silver  be  substituted  where  cop- 
per was  previously  used.    We  have  little  doubt  that  this  ex- 
periment will  eventually  be  of  great  service  to  commerce  and 
the  arts. — Mining  Joibrnal. 

HEAT  OF  THE  VAPOUR-BATH. 

The  late  Baron  Alderson,  in  a  letter  to  his  son,  says :  "  I: 
have  been  obliged  at  last  to  send  for  Sir  Benjamin  Brodie,  to 
see  me  for  my  sciatica,  and  to-day,  by  his  order,  I  have  been 
stewed  alive  in  a  vapour-bath.    Dreadfully  hot,  I  can  tell  you 
— 140  degrees,  while  a  hot  bath  is  only  98  degrees.    Yet  it 
was  not  unpleasant,  after  all :  for  hot  air  does  not  bum  like  hot 
water,  as  it  communicates  its  heat  gradually  to  you,  air  being 
what  they  call  a  bad  conductor  of  heat.    So,  by  the  time  the 
hot  air  makes  you  warm,  a  perspiration  breaks  out  and  cools 
you  again.    People  have  been  known  to  bear  400  degrees  ol 
heat,  without  much  inconvenience.    Sir  Francis  Chan  trey  told, 
me  once  he  had  gone  into  the  oven  where  he  baked  his  moulds,, 
which  is  heated  by  a  nearly  red-hot  plate  at  the  bottom.  Hee 
wore  thick  wooden  shoes  to  protect  his  feet,  and  a  flannel  dress,-, 
and  was  able  to  bear  it  very  well.    That  was  a  dead  heat  that: 
would  have  baked  a  pie,  and  yet  a  man  alive  would  not  be- 
heated  much  above  blood-heat,  or  about  100  degrees.    Is  not 
this  curious  ?   Life  is  able,  you  see,  to  bear  heat  which  wouldi 
roast  a  dead  body. " 

DROWSINESS  PROM  COLD. 

Very  striking  and  curious  is  the  story  of  Dr.  Solander's  es- 
cape, when  in  company  with  Sir  Joseph  Banks  among  the  hills- 
of  Terra  del  Fuego.    They  had  walked  a  considerable  wayA- 
through  swamps,  when  the  weather  became  suddenly  gloomyv 
and  cold,  fierce  blasts  of  wind  driving  the  snow  before  it. 
Finding  it  impossible  to  reach  the  ships  before  night,  they  re-- 
solved  to  push  on  through  another  swamp  into  the  shelter  of  ai 
wood,  where  they  might  kindle  a  fire.    Dr.  Solander,  well  ex- 
perienced in  the  effects  of  cold,  addressed  the  men,  and  con-- 
jured  them  not  to  give  way  to  sleepiness,  but  at  all  costs  to 
keep  in  motion.    **  Whoever  sits  down,"  says  he,  "  will  sleep  ; 
and  whoever  sleeps  will  wake  no  more."   Thus  admonished; 
and  alarmed,  they  set  forth  once  more  j  but  in  a  little  Ayhile. 
the  cold  became  so  intense  as  to  produce  the  most  oppressive 
drowsiness.    Dr.  Solander  was  the  first  who  found  the  inclina-- 
tion  to  sleep — against  which  he  had  warned  the  others  so  em-  ■ 
phatically — too  irresistible  for  him,  and  he  insisted  on  being; 
suffered  to  lie  down.    In  vain  Banks  entreated  and  remoa-- 
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strated  ;  down  he  lay  upon  the  snow,  and  it  was  with  much  diffi- 
culty that  his  friend  kept  him  from  sleeping.  One  of  the  black 
servants  began  to  linger  in  the  same  manner.  When  told  that 
if  he  did  not  go  on  he  would  inevitably  be  frozen  to  death,  he 
answered  that  he  desired  nothing  more  than  to  lie  down  and 
die.  Solander  declared  himself  willing  to  go  on,  but  said  he 
must  first  take  some  sleep.  It  was  impossible  to  carry  these 
men,  and  they  were  therefore  both  suflFered  to  lie  down,  and  in 
a  few  minutes  were  in  a  profound  sleep.  Soon  after,  some  of 
those  who  had  been  sent  forward  to  kindle  a  fire  returned  with 
the  welcome  news  that  a  fire  awaited  them  a  quarter  of  a  mile 
oS.  Banks  then  happily  succeeded  in  awaking  Solander,  who, 
although  he  had  not  been  asleep  five  minutes,  had  almost  lost 
the  use  of  his  limbs,  and  the  flesh  was  so  shrunk  that  the  shoes 
fell  from  his  feet.  He  consented  to  go  forward  with  such  as- 
sistance as  could  be  given  ;  but  no  attempts  to  rouse  the  black 
servant  were  successful,  and  he,  with  another  black,  died  there. 
— Fraser's  Magazine. 

DOMESTIC  HYGEOMETEE. 

Mr.  Smee,  in  his  work  on  BeUlity  and  Defective  Nutrition 
(the  substance  of  his  Hunterian  Oration),  dwells  much  on  the 
importance  of  Fresh  Air,  saying,  "  It  used  to  be  the  fashion  to 
say  that  all  airs  were  chemically  the  same ;  the  discovery  of 
ozone,  and  the  effect  of  air  upon  the  permagnate  of  potash, 
lately  discovered  by  Dr.  Angus  Smith,  sufficiently  dispels  this 
fallacy.  The  hygrometric  state  of  the  air,  as  to  its  wetness  and 
dryness,  is  of  consequence, "  Mr.  Smee  then  describes  a  house- 
hold instrument,  of  his  contrivance,  which  will  show  by  in- 
spection, with  sufficient  accuracy,  the  state  of  any  room,  bed, 
or  other  situation.  This  instrument  consists  of  vegetable  parch- 
ment, invented  by  Mr.  Gaines,  and  perfected  by  Mr.  De  la  Rue. 
It  is  made  by  immersing  blotting-paper  in  sulphuric  acid  of 
definite  strength,  by  which  it  is  immediately  converted  into  a 
new  material,  named  by  Mr.  Smee  Ametastine,  because  it  is 
highly  unchangeable  by  chemical  agents.  This  curious  mate- 
rial contracts  in  a  diy  and  expands  in  a  moist  atmosphere.  Bv 
taking  advantage  of  this  property,  Mr.  Smee  has  constructed 
many  forms  of  hygrometers,  the  most  simple  of  which  he  ex- 
pects will  be  the  concomitant  of  the  thermometer  in  every 
home,  and  prevent  many  a  traveller  from  catching  a  severe 
rheumatism  in  a  damp  bed. 
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The  use  of  Anmthetics,  or  substances  for  producing  temporary 
insensibility  to  pain,  appears  to  have  been  known  and  practised ; 
for  ages  before  the  organic  chemistry  of  our  own  times  enabled  i 
us  to  place  pain  completely  under  the  dominion  of  the  human  i 
will,  by  the  discovery  and  use  of  Chloroform. 

We  leam  from  Dioscorides  that  eighteen  centuries  ago  the 
root  of  the  Mandrake  steeped  in  wine  was  given  ' '  to  cause  in- 
sensibility to  pain  in  those  who  are  to  be  cut  or  cauterised ; ; 
for,  being  thrown  into  a  deep  sleep,  they  do  not  perceive  pain." 
According  to  Pliny,  the  juice  -of  the  mandrake  was  given  for 
injuries  inflicted  by  serpents,  and  before  incisions  or  punctures - 
were  made  in  the  body,  "in  order  to  ensure  insensibility  to  pain." 
Indeed,  for  this  last  purpose,  with  some  persons,  the  odour  of 
it  is  quite  sufficient  to  induce  sleep."*    Apuleius  makes  a. 
similar  statement  as  to  the  mandrake  :  "  If  any  one  is  to  have  - 
a  limb  mutilated,  burnt,  or  sawn,  he  may  drink  half  an  ounce 
with  wine,  and  whilst  he  sleeps  the  member  may  be  cut  ofiF 
without  any  sense  of  pain."+ 

M.  Stanislaus  Julien  has  discovered  that  the  Chinese,  inther 
third  century  of  our  era,  were  in  possession  of  an  anaesthetic: 
agent  which  they  employed  in  the  same  manner  as  we  use  Chlo- 
roform and  Ether  for  producing  insensibility  during  surgical 
opei  ations.  In  a  biographical  notice  of  Hoa-tho— who  flourished . 
under  the  dynasty  of  "Wei,  between  the  years  220  and  230  off 
our  era — it  is  stated  that  he  gave  to  the  sick  a  preparation  of- 
Chanvre  (Ma-yo who  in  a  few  moments  became  as  insensible  as  - 
one  plunged  in  drunkenness  or  deprived  of  life:  then,  according: 
to  the  case,  he  made  incisions,  amputations,  and  the  like.  After 
a  certain  number  of  days,  the  patient  found  himself  reestablished 
without  having  experienced  during  the  operation  the  slightest; 
pain.    It  appears  from  the  biography  of  Han  that  this  chanvre? 
was  prepared  by  boiling  and  distillation.    This  anaesthetic  agentt 
of  the  Chinese  is  set  down  as  the  Indian  Hemp,  which  is  taken  i 
even  now  by  the  Arabs  to  produce  an  agreeable  drunkenness. 

In  a  work  on  surgery  by  Theodric,  who  lived  in  the  latterr 
half  of  the  thirteenth  century,  is  mentioned  "  a  flavour  for: 
ijerforming  surgical  operations,"  made  of  opium,  mulberry,  hen-- 

»  Natural  History,  book  xxv,  ch.  74.       f  -Oe  Herbarum  Virtulibus,  ch.  131. 
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bane  {hyoscyamus),  hemlock  {cicuta),  mandrake,  wood-ivy,  let- 
tuce, to  be  boiled  until  concentrated  in  a  sponge,  which,  when 
wanted,  is  to  be  warmed,  and  "  applied  to  the  nostrils  of  him 
who  is  to  be  operated  on,  until  he  has  fallen  asleep ;  and  so 
let  the  surgery  be  performed." 

Bulleyn,in  1579,  describes  "the  possibilityof  setting  patients 
into  an  anaesthetic  state  during  lithotomy,  &c.,"  by  the  use  of 
mandrake  ;  and  Baptista  Porta,  in  his  Natural  Magic,  gives 
various  recipes  for  medicines  which  produce  sleep  instantly, 
&c. ;  among  which  is  the  sleeping  apple,  made  with  mandrake, 
opium,  (fee,  the  smelling  of  which  binds  the  eyes  with  a  deep 
sleep.  Now  the  mandrake,  which  figures  so  prominently  in 
all  these  accounts,  has  long  been  a  marvel  ;*  but  seeing  that  it 
belongs  to  the  same  genius  as  belladonna,  which  has  a  greater 
power  of  annulling  sensibility  than  any  plant  in  present  use, 
unless  it  be  aconite,  it  is  not  unlikely  to  possess  the  anaes- 
thetic quality  ascribed  to  it — at  least  to  such  an  extent  as  to 
justify  us  in  believing  that  surgical  operations  have  been  per- 
formed under  its  influence  without  conscious  pain.f 

The  Greeks  and  Romans  were  acquainted  with  the  narcotic 
and  anaesthetic  properties  of  Indian  Hemp,  just  mentioned  as 
employed  by  the  Chinese.  Herodotus  describes  the  Scythians  as 
inhaling  the  fumes  of  hemp-seed  thrown  upon  red-hot  stones  ; 
and  Dr.  Royle  suggests  that  Indian  Hemp  may  have  been  the 
assuager  of  grief,  the  Nepenthe  of  Homer,  given  by  Helen  to 
Telemachus  in  the  house  of  Menelaus,  stated  to  have  been 
brought  from  Egyptian  Thebes.  Now  Indian  Hemp  grows  in 
Africa,  and  the  hang  prepared  from  it  is  taken  by  criminals  who 
are  condemned  to  suflFer  amputation;  and  Sir  Joseph  Banks 
tells  us  that  "  it  is  said  to  enable  those  miserables  to  bear  the 
rough  operations  of  an  unfeeling  executioner  more  than  we 
Europeans  can  the  keen  knife  of  our  most  skilful  surgeon." 
Dr.  Daniel  states  that  the  Indian  Hemp  is  smoked  by  the 
natives  of  Congo,  Angola,  and  South  Africa ;  the  leaves,  seeds, 
and  flowers,  called  Kief,  are  used,  pounded  and  mixed  with 
a  confection,  a  piece  of  which  as  large  as  a  walnut  will  de- 
prive a  man  of  reason,  and  produce  the  most  voluptuous  sen- 
sations. 

In  India  the  hemp  is  equally  celebrated  ;  but  the  Hindoos 
do  not  appear  to  have  ever  used  it  as  an  anaesthetic  during 
surgical  operations.  It  has  been  found  by  Dr.  Christison  to 
produce  a  pleasant  numbness,  and  to  render  touch  and  feeling 
gradually  obtuse  ;  so  that  the  practice  of  anaesthesia,  by  means 
of  Indian  Hemp  is  credible. 

*  See  Things  not  generally  Known,  First  Series,  p.  102 ;  Popular  Errors  Ex- 
plained, p.  153. 

t  Dr.  Chapman ;  Westminster  Seview,  January  1859. 
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In  1784,  Lassard,  surgeon  to  the  Hdpital  de  la  Cliarite  at 
Pans,  recommended  the  employment  of  a  narcotic  previous  to 
painful  operations;  and  in  1782,  Augustus,  Kiug  of  Poland 
was  surreptitiously  narcotised  by  his  favourite  surgeon,  Weiss' 
a  pupil  of  Petit,  at  Paris,  while  a  mortified  part  of  his  foot  was 
cut  off  without  pain  or  consciousness.  In  Guyot's  Causes 
CeUbres  it  is  told  how  the  Countess  St.  Gerau,  after  nine  hours' 
labour,  was  made  to  drink  a  potion,  "  which  rendered  her  in- 
sensible till  the  following  morning  ;"  meanwhile  the  child  was 
born,  and  surreptitiously  conveyed  away,  its  very  existence 
being  denied  to  her ;  but  many  years  after  it  was,  in  a  French 
court  of  law,  proved  to  be  her  offspring. 

Two  centuries  ago,  Middleton,  in  his  tragedy  of  Women  be- 
ware of  Women,  published  in  1657,  thus  directly  alludes  to  the 
practice  of  anassthesia  in  olden  surgery : 

I'll  imitate  the  pities  of  old  surgeons 

To  this  lost  limb,  who,  ere  they  show  their  art. 

Cast  one  asleep,  then  cut  the  diseased  part. 

Mesmerism  has  been  employed  as  an  anaesthetic  agent  in 
India,  America,  France,  and  England,  with  success ;  but  its 
effectiveness  is  by  no  means  uniform,  as  it  succeeds  much  better 
with  Orientals  than  Europeans.  Only  from  the  science  of  chem- 
istry were  the  seekers  after  a  perfect  anaesthetic  agent  guided 
in  the  true  direction.    To  the  Pneumatic  Chemistry  of  Black, 
Priestley,  Cavendish,  and  Lavoisier  (see  a7ite,  pp.  64-66  and  100, 
101),  succeeded  the  hope  that  by  means  of  the  inhalation  of 
various  kinds  of  gases,  or  by  the  practice  of  Pneumatic  Medicine, 
as  the  new  system  was  called,  many  maladies  would  become 
amenable  to  the  power  of  the  physician.  A  medical  Pneumatic 
Institution  was  set  up  at  Clifton,  near  Bristol,  by  Dr.  Beddoes  ; 
and  in  1799,  Humphry  Davy,  who  had  just  completed  his  ap- 
prenticeship, was  appointed  its  superintendent.    In  a  previous 
page  (84)  we  have  recorded  how  Davy  breathed  nitrous  oxide, 
which  he  found  to  lessen  the  pain  of  cutting  a  wisdom-tooth  ; 
and  although  he  did  not  succeed  in  establishing  nitrous  oxide 
as  a  medicinal  agent,  in  describing  the  effects  of  this  gas,  he 
predicts,  that,  "as  nitrous  oxide,  in  its  extensive  operation, 
seems  capable  of  destroying  physical  pain,  it  may  probably  be 
used  with  advantage  during  surgical  operations  in  which  no 
great  effusion  of  blood  takes  place."*   Nor  was  this  an  acci- 
dental conception  of  genius,  but  the  result  of  ten  months'  ex- 
periments ;  so  that  Davy  must  be  acknowledged  as  the  origi- 
nator of  that  prolific  idea  which  has  become  one  of  the  most 
glorious  realities  of  the  present  century. t    Davy  also  foretold 
that  Pneumatic  Chemistry,  in  its  application,  was  an  art  in  its 
infancy ;  and  had  his  prophecy  and  precepts  then  been  heeded, 

*  Davy's  Collected  Works,  vol.  iii,      t  WestmiTister  ilet/tew,  Jan.,  1859. 
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*'  it  is  probable  that  pain  would  have  been  put  into  subjection 
to  the  intellect  at  the  very  beginning  of  this  century." 

Forty  years  had  elapsed  after  Davy's  announcement,  when 
(iu  1844)  Horace  Wells,  a  surgeon-dentist,  of  Hartford,  Con- 
necticut, United  States,  was  present  at  a  lecture  at  which,  it  is 
presumed,  the  effects  of  inhaling  nitrous  oxide  were  shown. 
Mr.  Wells  induced  the  lecturer  to  accompany  him  home,  and 
let  him  (Wells)  inhale  the  gas,  while  another  dentist.  Dr.  Rigg, 
drew  one  of  his  teeth,  without  pain  5  and  Mr.  Wells,  after  re- 
covering from  the  inhalation,  exclaimed,  "  A  new  era  in  tooth- 
drawing  !"  He  then  made  other  experiments  with  various 
,  success  ;  but  a  failure  so  annoyed  him  that  he  gave  up 
practice  as  a  dentist,  became  unsettled,  came  to  England, 
returned  to  America,  and  at  length  died  by  his  own  hand,  iu 
January  1848.  Within  three  months  of  this  sad  end  of  the  dis- 
coverer. Dr.  Bigelow,  of  Boston,  U.  S.,  removed  a  breast  from 
a  patient  who  had  been  rendered  insensible  by  inhaling  nitrous 
oxide,  which  induced  the  Doctor  to  predict :  "  Nitrous  oxide 
is  quite  likely  to  prove  a  certain  as  well  as  a  safe  and  agreeable 
anaesthetic  agent." 

Mr.  G.  T.  Morton,  Wells's  pupil  and  partner,  and  Dr.  Jack- 
son, next  took  up  the  idea  :  Morton  learned  from  Jackson  the 
use  of  chloric  ether  as  a  local  application  ;  and  since  1818*  it 
had  been  known  that  the  vapour  of  ether,  if  inhaled,  would  pro- 
duce effects  similar  to  those  of  nitrous  oxide.  After  several 
attempts,  Morton,  on  Sept.  30,  1846,  by  the  inhalation  of  ether, 
made  himself  completely  unconscious  during  eight  minutes ; 
in  the  evening  he  persuaded  a  patient  to  inhale  ether  from 
a  handkerchief,  and  then  extracted  a  bicuspid  tooth,  of  which 
the  patient  knew  nothing  till  he  recovered  his  senses,  and  saw 
the  tooth  lying  on  the  floor.  He  repeated  his  experiments  on 
tooth-drawmg  under  the  influence  of  ether  in  several  cases. 
J^mboldened  by  success,  he  administered  his  remedy  to  a  pa- 
tient in  the  Massachusetts  General  Hospital,  who  was  operated 
on  while  under  its  influence.  The  next  day  a  large  fatty 
tumour  was  removed  from  the  arm  of  a  patient  under  the  same 
conditions.  Both  cases  being  successful,  the  remedy  was  after- 
wards frequently  used. 

Meanwhile,  a  few  of  the  American  medical  journals  con- 
demned  the  discovery  as  quackery;  but  the  EngUsh  journals 
at  once  nghtly  appreciated  it.  However,  in  November  1846 
the  Pans  surgeons  received  the  announcement  with  aU  but  in- 
difference ;  and  Velpeau  declined  to  test  its  worth.  In  London 
it  obtained  a  more  speedy  trial.  Early  in  December,  Dr.  Boott 

the  eflfects  of  the  vapour  of  ethei  and  those  o"^^^^^^^^^ 
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received  from  Dr.  Bigelow  instances  of  the  success  of  "  the  new 
anodyne  process  ;"  and  on  Dec.  9  a  lady  was  etherised  at  Dr. 
Boott's  house,  and  had  a  tooth  extracted  without  pain.  Mr. 
Liston,  at  University  College  Hospital,  on  Dec.  21,  "ampu- 
tated a  thigh,  and  removed  by  evulsion  both  sides  of  the  great 
toe-nail,  without  the  patient  being  aware  of  what  was  doing,  so 
far  as  regards  pain :"  he  heard  what  was  said,  and  was  con- 
scious, but  felt  neither  the  pain  vf  the  incisions  nor  that  of 
tying  the  vessels.  Next,  a  patient  in  the  Royal  Infirmary, 
Edinburgh,  was  etherised,  and  had  a  limb  amputated  by  Dr. 
Duncan,  "  without  the  infliction  of  any  pain."  Experiments 
were  then  made  in  the  London  and  provincial  hospitals  ;  evi- 
dence of  success  accumulated  in  America  and  Great  Britain  ; 
and  at  length  the  two  great  Paris  surgeons,  Velpeau  and  Roux, 
averred,  before  the  two  Academies,  that  the  discovery  was  "  a 
glorious  conquest  for  humanity." 

Thus  a  new  era  was  inaugurated  in  the  science  of  surgery, 
both  for  operators  and  patients.  A  month  after  the  first  ap- 
plication of  ether  in  England,  Dr.  Simpson,  of  Edinburgh,  dis- 
covered that  by  its  instrumentality  the  ordinary  pains  of  ma- 
ternity might  be  averted  without  danger.  The  remedy  was 
used  also  with  a  greater  or  less  degree  of  success  in  some  of  the 
most  fearful  and  painful  diseases,  and  by  its  aid  many  persons 
were  rescued  from  certain  death  who  must  otherwise  have 
undergone  a  difficult,  paiuful,  and  most  dangerous  operation. 

Ether,  the  first  agent  employed  in  this  great  revolution,  is 
said  to  have  been  known  to  Raymond  Lully  and  Basil  Valen- 
tine, the  alchemists.  In  1640,  Valerius  Cordus  described  the 
method  of  making  it, — the  Oleum  Vitrioli  dvXce,  as  he  termed 
it.  It  consists  of  4  atoms  of  carbon,  5  of  hydrogen,  and  1  of 
oxygen.  It  is  usually  procured  by  distilling  common  alcohol 
(the  hydrated  oxide  of  ethyle)  with  sulphuric  acid :  hence  its 
usual  name  of  sulphuric  ether ;  its  present  chemical  name  is 
oxide  of  ethyle. 

Ether  was  noticed  as  early  as  1540  by  pharmaceutical  Chemists. 
Dr  Frobenius  and  Mr.  Godfrey  made  several  experiments  on  it  before 
the"  Royal  Society,  as  described  in  the  Philosophical  Transactions  for 
1730  when  the  term  Ether  was  first  adopted.  Mr.  Godfrey  states,  "that 
this  liquor  uEthereus  was  formeriy  very  much  esteemed  and  mqiured 
into,  doth  clearly  appear  by  an  experiment  I  made  formerly  for  my 
worthy  Master  Esquire  Boyle,  by  the  means  of  a  metaUick  solution, 
namely,  by  the  solution  of  crude  mercury  united  with  the  Phlogiston 
Vini,  or  other  vegetables  ;  and  this  aether  swam  on  the  top  of  the  solu- 
tion, which  I  separated  per  TritoHnus.  This  is  what  1  have  done  for- 
meriy in  Esquire  Boyle\  laboratory  ;  and  Sir  I^iac  Newton  was  very 
well  acquainted  with  it  too,  which,  by  reason  of  shortness^of  hfe, 
not  brought  to  a  fiill  end,  to  do  it  so  readily  m  quantity  Dr  *>o. 
benius,  after  describing  various  experiments,  says :  ^ther,  then,  is 
certaii^ly  the  most  noble,  efficacious,  and  useful  instrument  m  all  Chy- 
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mistry  and  Pharmacy  ;  LM  enim  ignis  potentialis,  ihi  actuali  non  opus 
est,  inasmuch  as  essences  and  essential  oils  are  extracted  by  it  imme- 
diately, without  so  much  as  the  mediation  of  fire,  from  woods,  barks, 
roots,  herbs,  flowers,  berries,  seeds,  &c.,  from  animals,  and  their  parts 
too." 

Morton,  the  discoverer  of  etherisation,  fell  into  poverty ; 
but  his  partner  Jackson  claimed  the  whole  merit.  Chloroform 
quickly  superseded  ether,  and  Morton,  who  had,  contrary  to 
the  usages  of  the  profession,  patented  his  discovery,  found  his 
patent  valueless. 

Another  labourer  in  the  field  must  be  mentioned  here.  In 
1846,  news  of  the  discovery  reached  England,  when  Dr.  Snow, 
who  had  previously  made  numerous  experiments  in  respiration 
and  asphyxia,  brought  the  administration  of  this  new  agent  to 
great  perfection.  The  ether  practice  of  London  went  almost 
exclusively  to  him.  He  published  a  work  embodying  the  whole 
of  his  experiences  in  etherisation  ;  it  was  appreciated  by  the 
profession,  and  was  selling  largely,  when  the  discovery  of  the 
application  of  chloroform  threw  ether  into  the  shade  and  the 
book  with  it.  Dr.  Snow  was  soon  satisfied  of  the  greater  prac- 
ticability of  chloroform  :  he  at  once  commenced  its  use.  He 
next  began,  in  1856,  to  experiment  with  amylene,  first  upon 
animals,  and  if  these  promised  favourably,  then  upon  man. 
Amylene  did  not  answer  his  expectations,  and  he  discontinued 
its  use.  He  died  convinced  that,  though  he  did  not  succeed  in 
the  object,  an  anaesthetic  will  ultimately  be  discovered  which 
may  be  inhaled  with  absolute  safety,  and  which  will  destroy 
common  sensation  without  destroying  consciousness. 

In  March  1847  M.  Flourens  caused  animals  to  inhale  pure 
chloroform,  which  rendered  them  insensible  ;  but  believing  it 
to  be  a  dangerous  agent,  he  did  not  think  of  commending  it 
for  the  prevention  of  human  pain.    Dr.  Chapman  says : 

Anaesthetic  agents  should  only  be  administered  by  those  who  possess 
knowledge  and  experience  of  their  properties.  The  very  essence  of 
anaesthesia  consists  of  a  partial  arrest  of  the  vital  processes,  and  is,  in 
fact,  a  stage  on  the  way  from  hfe  to  death  ;  only  those  agents  which 
are  capable  of  leading  us  along  this  solemn  path,  and  which,  having 
done  so  for  a  cei"tain  distance,  will  allow  us  to  retrace  our  steps,  are 
really  endued  with  the  power  of  saving  us  from  pain. 

The  mixture  improperly  called  Chloric  Ether  is  simply  a 
solution  of  chloroform  in  alcohol.  Early  in  1847,  the  late  Mr. 
Jacob  Bell  demonstrated  the  anaesthetic  power  of  this  mixture ; 
but  it  was  Dr.  Simpson,  who,  upon  the  suggestion  of  Mr.  Wal- 
die,  of  the  Apothecaries'  Hall  of  Liverpool,  first  tried  chloro- 
form undiluted,  discovered  the  effects  of  its  vapour,  and  then 
bound  his  name  indissolubly  with  the  greatest  benefit  ever 
conferred  on  man. 
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Chloroform  was  first  obtained  in  1831,  by  Guthrie  an 
American  chemist,  by  distillation  of  chloride  of  lime  and  al- 
cohol. 

In  1834,  it  was  examined  by  Dumas,  who  showed  its  real  composi- 
faon  to  be  two  atoms  of  carbon,  one  of  hydrogen,  and  three  of  chlorine 
Irom  the  red  ant  {Formica  nifa)ia  obtained  formic  acid,  consisting  of 
two  atoms  of  carbon,  one  of  hydrogen,  and  three  of  oxygen  (C2  H03) 
The  elements  C2,  H,  are  viewed  as  a  hypothetical  radical  called  formyle 
which,  bemg  muted  with  three  equivalents  of  oxygen,  forms  the  ?er- 
oxide  of  formyle,  or  formic,  or  formic  acid.     Now,  if  for  the  three 
equivalents  of  oxygen  three  equivalents  of  chlorine  were  substituted 
the  product  would  be  a  ter-chloride  of  formyle.    Such  being  Dumas's 
mgemous  view  of  the  constitution  of  this  important  substance,  he  very 
appropriately  named  it  Chloroform,. 

Pure  chloroform  has  a  strong,  fragrant,  ethereal,  apple-hke  odour 
and  a  sweet  penetrating  taste.    It  freely  dissolves  sulphur,  phosphorus 
lodme,  camphor,  fats,  wax,  resins,  and  caoutchouc.    No  other  liquid  is 
so  perfect  a  solvent  of  the  latter  substance,  which  is  left  unaltered  by 
it  on  evaporation.—  Westminster  Review,  Jan.  1859, 

Thus  has  the  practicability  of  surgical  ansesthesia  been  es- 
tablished :  its  safety  and  expediency  in  women  during  child- 
birth are,  however,  much  controverted.*  It  was  at  first  sup- 
posed to  be  safer  than  ether,  and  was  in  many  instances  used 
with  great  recklessness,  till  the  first  death  from  chloroform 
occurred,  near  Newcastle,  in  January  1848. 

Dr.  Snow  took  notes  of  between  three  and  four  thousand 
cases  in  which  he  had  administered  chloroform  himself.  It  has 
been  used  extensively  in  every  hospital  in  Europe.  It  was 
the  greatest  boon  to  our  poor  wounded  in  the  Crimea  and  India. 
The  exhaustion  of  the  stock  of  Chloroform  in  Lucknow  is  re- 
corded at  one  of  the  greatest  calamities  in  that  fearful  siege. 
No  fatal  case  occurred  from  its  frequent  use  in  the  Crimea. 
Dr.  Snow  could  ascertain  but  fifty  fatal  cases  throughout  the 
world  which  could  fairly  be  attributed  to  chloroform  during 
ten  years.  For  several  years  before  his  death  he  made  about  a 
thousand  a  year  in  fees  for  administering  chloroform  in  private 
practice.  He  met  with  but  one  fatal  case  among  the  many 
thousands  to  whom  he  administered  chloroform.  The  fatal 
efi'ect  is  by  paralysing  the  heai-t ;  but  the  chance  of  this  result, 
with  due  care,  is  very  small  indeed  :  it  has  been  compared  with 
the  chance  of  a  fatal  railway  accident. 

The  effects  of  chloroform  vapour  on  the  Sensitive  Plant  are 
very  striking  ;  and  it  has  been  used  to  render  Bees  quiet  and  in- 
nocuous, and  while  in  this  state  the  honey  is  taken  from  them  ; 
in  swarming,  they  have  also  been  rendered  manageable  by  chlo- 
roform. 


•  See  the  elaborate  paper  from  the  Westminster  Review,  by  Dr.  Chapman,  re- 
printed ill  a  separate  form.   Williams  and  Norgate. 
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MERCUEY,  OE  QUICKSILVEE.* 

This  very  remarkable  metal,  which  possesses  the  singular 
property  of  being  fluid  at  common  temperatures,  was  known  to 
the  ancients.  It  often  occurs  in  the  native  state.  Its  colour 
is  similar  to  that  of  silver ;  hence  the  name  hydrargyrum,  from 
two  Greek  words  signifying  "water  silver,"  and  argenturii  vivum, 
quick  or  living  silver;  the  term  "vivum"  signifying  guickf  an 
old  Saxon  word  usually  understood  in  that  sense  in  Scriptui-al 
phraseology.  Hence,  also,  the  name  of  Mercury,  given  by  the 
Alchemists.  Quicksilver  mines  occur  in  comparatively  few 
places  :  those  of  Almaden  in  Spain,  and  Idria  in  Carniola,  are 
best  known.  Hungary  and  Transylvania  also  yield  mercury  : 
it  has  long  been  obtained  in  China  and  Japan  and  Peru  ;  and 
recently  it  has  been  discovered  in  great  abundance  and  in  re- 
markable purity  in  California  and  Australia.  The  Chinese  from 
their  mercury  produce  the  best  vermilion  ;  and  both  China  and 
Japan  are  noted  for  their  mirrors. 

_  Mercury  occasionally  occurs  in  native  globules  in  the  sul- 
phide, cinnabar,  or  vermilion  ;  which  Pliny  states  Callias, 
an  Athenian,  discovered  the  preparation  of  (b.c.  505).  He  also 
mentions  the  mines  of  Almaden,  then  producing  10,000  Roman 
pounds  annually,  though  the  supply  was  purposely  limited. 
In  1833,  these  mines  furnished  annually  nearly  2,244,000  lbs., 
employed  700  workmen  underground,  and  200  extracting  the 
metal  from  the  ore  at  the  sm-face. 

Formerly  mercury  was  imported  tied  up  in  fresh  sheep-skins, 
and  packed  in  barrels ;  it  is  now  brought  in  hammered  iron  bot- 
tles. When  pure,  its  surface  makes  an  excellent  mirror :  com- 
mon glasses  are  coated  with  mercury  spread  upon  tin-foil,  with 
which  it  forms  a  solid  amalgam.  Mercury  dissolves  in  this 
manner  gold,  silver,  lead,  and  other  metals  ;  hence  its  use  in 
extractmg  them  from  the  ore.  The  amalgam  of  silver  and 
copper  is  used  for  stopping  hollow  teeth.  Mercury  is  exten- 
sively employed  in  medicine,  as  the  subchloride,  or  calomel  • 
triturated  with  chalk  or  magnesia,  or  confection  of  roses  it 
forms  blue-pill ;  and  the  bichloride  is  corrosive  sublimate. 

•  1  "^^^V-  ^^^f?  subsequent  articles  on  MevciiiT,  should  have  annea-ed 

in  the  section  on  "  the  Chemistiy  of  Metals,"  pp.  102-127.  appea.ea 
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Mercury  has  long  been  used  in  medicine  ;  but  the  opinion  of 
the  necessity  for  giving  it  in  any  quantity  is  now  altogether 
exploded. 

Pure  mercury  boils  at  680°  ;  its  vapour  is  elastic,  like  that 
of  water.  Geoflfroy,  at  the  request  of  an  alchemist,  enclosed  a 
quantity  of  mercury  in  a  strong  iron  globe,  secured  by  iron 
hoops,  and  put  the  globe  into  a  furnace.  Soon  after  it  had  ac- 
quired a  red  heat,  it  burst  with  great  violence,  and  the  mercury 
was  completely  dissipated. 

Mercury  is  used  in  the  thermometer  as  a  measurer  of  tem- 
perature. Its  boiling-point,  as  measured  by  its  own  expansion, 
is  680°,  but  by  the  expansion  of  air  662°.  If  a  common  ther- 
mometer be  plunged  into  boiling  mercury,  it  stands  (according 
to  Crichtou)  at  660°,  so  that  the  expansion  of  the  glass  is 
equivalent  to  20° ;  and  almost  exactly  counteracts  the  increase 
of  the  rate  of  expansion  of  the  mercury.  "  The  consequence," 
as  Dr.  Thomson  says,  "  of  this  fortunate  coincidence  is,  that 
an  accurately  graduated  mercurial  glass  thermometer  is  an  ac- 
curate measurer  of  the  increase  of  temperature  as  high  as  the 
boiling-point  of  mercury,  or  to  662^."  The  efiFect  of  "  the 
mercurial  atmosphere"  will  be  found  described  by  Faraday  at 
page  76,  Several  washes  and  other  preparations  of  mercury 
were  formerly  employed  as  cosmetics ;  the  making  of  which  was 
a  great  source  of  gain  to  the  empirical  chemist,  which  practice 
has  lasted  to  our  day.  Mercury  has  also  been  applied  to  the 
correction  of  errors  of  levelling.  Thus,  Professor  Mitchell,  of 
the  United  States,  has  a  mode  by  which,  through  the  means  of 
cups  of  mercury  placed  on  each  pier  of  the  transit  instrument, 
connected  by  a  tube  of  mercury,  he  can  at  each  moment  of 
observation  determine  the  level-error  of  the  axis  of  his  transit. 

THE  FBEEZING  OF  MERCUEY. 

The  congelation  of  mercury  was  first  effected  by  M.  Braun, 
of  St.  Petersburg.  On  Dec.  14,  1759,  the  temperature  of  the 
air  being  34°,  M.  Braun  prepared  a  freezing  mixture  of  nitrous 
acid  and  pounded  ice,  into  which  a  thermometer  being  placed, 
sank  to  — 69°.  Then  substituting  snow  for  ice,  he  sank  the 
thermometer  to  —100°,  —244°,  and  finally  to  350°.  The  mer- 
cury in  the  thermometer  was  then  found  to  be  fixed,  and  it 
remained  so  for  more  than  twelve  minutes  :  on  employing  a 
thermometer  graduated  only  to  220°,  the  mercury  collected  in 
the  bulb,  and  remained  solid  as  before.  Ou  Dec.  25,  M.  Braun 
.repeated  his  experiments  :  as  soon  as  the  mercury  became 
fixed,  he  broke  the  bulb  of  the  thermometer,  and  obtained  the 
mercury  in  the  form  of  a  solid,  shining,  metallic  mass,  perfectly 
malleable,  not  quite  so  hard  as  lead,  and  to  be  cut  with  a  knife, 
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The  upper  surface  of  the  frozen  lump  of  mercury  was  concave, 
and  pieces  of  it  sank  in  fluid  mercury,  indicating  its  great  con- 
traction. 

These  philosophers  did  not,  however,  determine  the  fi'eezing- 
point  of  mercury,  which  was  proved  by  a  series  of  admii-able 
experiments  performed  in  Hudson's  Bay,  with  instruments 
furnished  by  Mr.  Cavendish. 

These  instruments  consisted  of  a  glass  cylinder,  partially  filled  with 
mercury,  in  which  the  bulb  of  a  thermometer  was  placed  so  as  not  to 
touch  the  side  of  the  vessel ;  this  apparatus  was  surrounded  by  a  mixture 
of  snow  and  nitrous  acid,  when  the  mercury  descended  to  38'66°,  where 
it  remained  stationary,  showing  this  to  be  the  freezing-point  of  mercury, 

Jlr.  Cavendish  subsequently  showed  that  mercury  in  the  act  of  freez- 
ing contracts  nearly  l-23d  of  its  whole  bulk. — Abridged  from  Tomlinson's 
Studeni^s  Manual  of  Natural  Philosophy. 


THE  QUICKSILVER  MINES  OF  CALIFOENIA. 

The  mercury  mines  of  Upper  California  are  only  exceeded  in 
value  by  the  gold  diggings.  Rocks  and  mountains  entirely  of 
cinnabar  have  been  found,  and  the  apparatus  for  obtaining  the 
pure  metal  is  as  simple  as  that  used  1800  years  ago  :  at  a 
common  lime-kiln  or  blast-furnace,  2000  pounds  of  metal  are 
said  to  be  manufactured  daily,  and  the  average  yield  of  metal  50 
per  cent.  California  itself  affords  a  good  market,  large  quan- 
tities of  mercury  being  used  in  separating  fine  particles  of  gold 
from  the  sand  and  dirt,  and  which  cannot  be  procured  by  wash- 
ing. The  aborigines  are  said  to  have  known  and  resorted  to 
these  cinnabar  deposits  for  centuries  to  procure  colouring  ma- 
terials. 

The  richest  mines,  at  New  Almaden,  have  yielded  from  29 
to  72  per  cent ;  and  ten  furnaces,  very  defective  in  operation, 
have  produced  from  30,000  to  35,000  lbs.  of  mercury  weekly. 

FULMINATING  MEKCURY. 

This  fulminate,  which  is  less  dangerous  and  violent  than 
Fulminating  Silver,  is  in  great  demand  as  an  ingredient  in  the 
charge  of  percussion-caps  now  so  generally  adopted  in  gun-locks. 

Fulminating  Mercury  was  discovered  in  1810  by  the  Hon. 
Edward  Charles  Howard.  It  is  obtained  from  a  solution  of 
mercury  in  nitric  acid  mixed  with  alcohol. 

When  fulminating  mercury  is  heated  to  between  300°  and  400°,  it  ex- 
plodes with  a  bright  flame  and  much  violence  ;  and  if  substituted  for  gun- 
powder, its  combustion  is  so  rapid  and  sudden  that,  like  other  detona- 
tors of  the  same  class,  it  bursts  the  gun  without  expelling  the  ball  But 
It  also  explodes  by  percussion  and  friction,  and  a  little  heap  of  it  placed 
upon  an  anvU  and  sharply  struck  by  a  hammer,  goes  off  with  a  deafening 
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noise.  Many  hundredweights  of  this  dangerous  article  are  annually 
manufactured  ;  it  requires  great  care  both  in  its  production  and  trans- 
port.— Jimndc's  Lectures,  by  Scoffcrn. 

Frightful  accidents  have  occurred  in  the  preparation  of  this 
compound.  On  June  4,  1842,  Mr.  H.  Heunell,  the  principal 
chemical  operator  to  the  Apothecaries'  Company,  met  a  terrific 
death  in  the  laboratory-yard,  by  the  explosion  of  between  five 
and  six  pounds  of  fulminating  mercury,  which  he  was  manu- 
fiicturiug  for  the  East  India  Company. 

WHAT  IS  CHAOS  ? 

Chaos  is  that  confusion  in  which  matter  lay  when  newly 
produced  out  of  nothing  at  the  beginning  of  the  world,  before 
God,  by  his  almighty  word,  had  put  it  into  the  order  and  con- 
dition which  it  assumed  after  the  six  days'  creation.  Chaos  is 
represented  by  the  ancients  as  the  first  principle,  ovum,  or  seed, 
of  nature  and  the  world.  All  the  sophists,  sages,  naturalists, 
philosophers,  theologues,  and  poets,  held  that  Chaos  was  the 
eldest  and  first  principle,  to  apxatov  x^°^-  The  Barbarians, 
Phceuicians,  Egyptians,  Persians,  and  many  other  nations,  all 
refer  the  origin  of  the  world  to  a  rude,  mixed,  confused  mass 
of  matter.  The  Greeks — Orpheus,  Hesiod,  Menander,  Aristo- 
phanes, Euripides,  and  the  writers  of  the  Cyclic  Poems — all 
speak  of  the  first  Chaos ;  while  the  Ionic  and  Platonic  philoso- 
phers built  the  world  out  of  it.  The  Stoics  held,  that  as  the 
world  was  first  made  of  a  Chaos,  it  shall  at  last  be  reduced  to  a 
Chaos  ;  and  that  its  periods  and  revolutions  in  the  mean  time 
are  only  transitions  from  one  Chaos  to  another.  Lastly,  the 
Latins,  as  Ennius,  Varro,  0\id,  Lucretius,  Statins,  &c.,  wereaU 
of  the  same  opinion.  Nor  is  there  any  sect  or  nation  what- 
soever that  does  not  derive  their  biaKocryLtjais,  the  structure  of  tlie 
world,  from  a  Chaos. 

The  opinion  first  arose  among  the  Barbarians,  from  whom 
it  spread  to  the  Greeks,  and  from  the  Greeks  to  the  Romans 
and  other  nations.  Dr.  Burnet  observes,  that  besides  Aristotle 
and  a  few  pseudo- Pythagoreans,  nobody  ever  asserted  that  our 
world  was  always  from  eternity  of  the  same  nature,  form,  and 
structure,  as  at  present ;  but  that  it  had  been  the  standing 
opinion  of  the  wise  men  of  all  ages,  that  what  we  now  call  the  earth 
was  originally  an  unformed,  indigested  mass  of  heterogeneous 
matter  called  CItaos,  and  no  more  than  the  rudiments  and  ma- 
terials of  the  present  world. 

It  does  not  appear  who  first  broached  the  notion  of  a  Chaos. 
Moses,  the  oldest  of  all  writers,  derives  the  origin  of  this 
world  from  a  confusion  of  matter,  dark,  void,  deep,  without 
form,  which  he  calls  tohu  bohu,  which  is  precisely  the  Chaos  of 
the  Greek  and  Barbarian  philosophers.    Moses  goes  no  farther 
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than  the  Chaos,  nor  tells  us  whence  it  took  its  origin,  or 
whence  arose  its  confused  state  ;  and  where  Moses  stops,  there 
precisely  do  all  the  rest.  Dr.  Burnet  endeavours  to  show,  that 
as  the  ancient  philosophers  who  wrote  of  the  cosmogony  ac- 
knowledge a  Chaos  as  the  principle  of  the  world,  so  the  divines, 
or  writei  s  of  the  theogony,  derive  the  origin  or  generation  of 
their  fabled  gods  from  the  same  principle. — JEncycl.  Brit. 


THE  AEK  OF  NOAH. 

In  1730,  Dr.  Stukeley  wrote  :  "According  to  the  calcula- 
tions I  have  made,  I  find  God  Almighty  ordered  Noah  to  get 
the  creatures  into  the  Ark  on  Sunday,  the  12th  of  October,  the 
very  day  of  the  autumnal  equinox  of  that  year ;  and  on  this 
present  day,  on  the  Sunday  sennight  foUowiug  (the  19th  of 
October),  that  terrible  catastrophe  began,  the  moon  being  past 
her  third  quarter." 

Sir  Gardner  Wilkinson,  in  his  work  The  Egyptians  in  the 
Time  of  the  Pharaohs,  in  speaking  of  the  Ark,  mentions  a  strange 
attempt  to  connect  the  name  of  Thebes  with  the  Hebrew  word 
Thebeh,  and  thence  with  the  Ark  of  Noah  ;  which  is  at  once 
shown  to  be  erroneous,  from  the  name  of  that  city  being  a 
corruption  of  the  Egyptian  Ape,  or  with  the  article  Tdpe  (in  the 
Memphitic  dialect  thdpe),  "the  head,"  or  "capital,"  converted 
by  the  Greeks  into  their  own  TUbai. 


PAST  AND  PEESENT  AGE  OF  PLANTS  AND  ANIMALS. 

From  the  age  of  plants  and  animals  in  the  present  day,  we 
are  not  entitled  to  infer  their  age  in  primitive  times.  Without 
appealing  to  the  influence  of  food,  and  climate,  and  soil,  on  the 
growth  of  animal  and  vegetable  bodies,  we  find  the  truth  of 

^'^''.Pc^f^l'^''  '°  ^^'^'■y  of  our  own  species.  Duriug  the 
first  2000  years  of  the  human  era,  the  laws  of  vital  orgSiisa- 
tion  were  entirely  different  from  what  they  are  in  the  present 
aZ\  ^^^"^  to  Abraham,  the  age  of  man  varied  from 

969  to  17o  years,  and  graduaUy  declined  to  the  average  of 
three  score  and  ten  ;  and,  in  like  manner,  the  plants  and 
ammals  of  primeval  times,  when  they  were  required  as  epochs 
in  the  chrouology  of  creation,  may  have  had  a  more  luxuriant 

growth  and  a  shorter  existence. David  Brewster's  ''More 
Worlds  than  One.  " 

+Kof^'  regards  the  last  3000  years,  it  is  not  difficult  to  prove 
that  during  this  period  the  usual  duration  of  the  life  of  man 
^s  remained  the  same,  as  we  read  in  the  ninetieth  Psalm,  "  A 

.^11  f.f  wt^iol^  it  is  expressly 

said  that  the  age  of  man  is  70,  and  sometimeB  reaches  SoTeSs 

SECOND  SfiBlES.  ^  J  '^a- 

r 
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GREAT  AGE  OF  THE  PATEIAECHS. 

In  May  1858,  at  a  meeting  of  the  Royal  Society  of  Litera- 
ture, at  which  the  Bishop  of  St.  David's  presided,  Mr.  Poole 
read  a  paper  "  On  a  Papyrus  brought  from  Egypt  some  years 
since  by  M.  Prisse,"  in  which  he  showed  that  it  was  really  a 
much  more  curious  record  than  had  been  at  first  suspected  by 
its  discoverer,  and  that  the  Rev,  Dunbar  Heath  had  been  the 
first  scholar  who  had  suggested  the  true  character  and  value  of 
its  contents.  Mr.  Poole  stated  that  the  papyrus  was  written  by 
a  person  called  Ptah-hotp,  the  eldest  son  of  the  king,  and  that 
it  is  dated  in  the  reign  of  Assa— about  b.c.  1900.  The  writer 
addresses  his  son  in  a  discourse  of  excellent  moral  instruction, 
conveyed  in  terse  and  vigorous  language.  He  asserts  that  he 
is  delivering  "traditional  wisdom,"  the  "  speech  of  the  Past;" 
and  his  style  is  not  unlike  portions  of  the  Book  of  Proverbs. 
It  is  remarkable  that  Osiris  is  the  only  one  of  the  deities  of  the 
land  who  is  directly  mentioned,  and  that  the  word  "  God"  is 
often  used  alone  ;  and  it  is  important  to  notice,  that  if,  as  is 
generally  agreed,  Ptah-hotp  was  the  eldest  son  of  the  reigning 
monarch  Assa,  his  father  must  have  lived  to  the  age  of  not  less 
than  130  years,  as  Ptah-hotp  states  his  own  age  at  the  time  he 
wrote  this  document  was  110  years.  We  have  thus  important 
evidence  of  the  continuance  within  the  historic  period  of  the 
great  age  attributed  in  Holy  Scripture  to  the  early  patriarchs. 
Mr.  Poole  further  stated,  that  this  king  Assa  was  supposed  to 
be  either  a  very  early  Memphite  king  of  the  third  dynasty,  or  a 
shepherd  king  of  the  fifteenth  dynasty,  who  also  reigned  at 
Memphis  :  this  latter  view  Mr.  Poole  himself  holds,  believing 
this  king  to  be  the  same  as  Manetho's  Assis. 

THE  MANUFACTURE  OF  IRON. — PP.  110-115. 

By  Mr.  Bessemer's  beautiful  process,  molten  iron  just  from  the 
cupola  is  converted,  without  fuel,  and  literally  at  a  breath,  into  such 
steel  as  could  not  be  made  in  many  weeks  upon  the  old  method.  The 
great  improvement  which  we  may  expect  in  the  manufacture  of  wrought 
iron  is,  in  bringing  it,  by  Mi*.  Bessemer's  process,  from  cast  iron  directly 
into  a  malleable  ingot,  which  may  then  be  heated  and  afterwards  roUed 
or  hammered  to  any  required  form.  The  homogeneous  irons,  so 
called,  are  brought  into  the  same  condition  by  a  very  much  more  com- 
plicated and  wasteful  process.  Before  we  can  ever  depend  upon  the 
integrity  of  large  masses  of  malleable  iron,  we  must  be  able  to  bring 
them  at  once  from  the  fluid  state  into  a  form  approximating  to  that 
which  they  ai-e  intended  finally  to  have. — Tke  Engineer,  No.  225. 
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Thames,  Disinfection  of,  142. 

Tin,  History  of,  125. 

Teeth-Parasites,  192. 

Tooth-extraction  under  Ether,  233. 

Transfusion  of  Blood,  151 . 

Transmutation,  Curious,  22ft. 

Transmutation  of  Metals,  Experi- 
mental, 39. 

Transmutation  of  Metals  predicted, 
38. 


Transmutation.Sir  ThomasBrown* 
on,  33. 

Trotman's  Improved  Anchor,  224, 
Tubal  Cain,  a  Worker  of  Iron,  111. 

Ultramarine,  Artificial,  118, 
Unity  of  the  Deity,  64. 
Universal  Medicine,  the,  7. 
Upas  Poison,  the,  137. 

Vacoum-pak,  Howard's,  183. 
Vapour-bath,  Heat  of,  228. 
Vegetable  Fermentation,  99. 
Veluti  in  Aquarium,  160. 
Ventilation,  Importance  of,  61. 
Vinous  Fermentation,  98. 
Viper,  Poison  of  the,  140. 
Volcanoes,  Davy's  Electro- chemi- 
cal Theory  of,  119. 

Water  anciently  an  Element,  77, 
Water,  Composition  of,  77. 
Water,  Filtration  of,  80. 
Waters,  Hard  and  Soft,  79. 
Water,  Impure,  and  Cholera,  142. 
Water-Test,  79. 

Water- works,  Crystal  Palace,  Syd- 
enham, 218. 

Watt  and  Cavendish  Water  Ex- 
periment, 78. 

Wells  and  Morton  discover  Etheri- 
sation, 233. 

Westminster,  Alchemy  in,  10. 

Westminster  Hall  Roof,  213. 

Westminster  Palace  Bella,  194,195. 

Wet  and  Dry  Rot,  200. 

Whale  and  Man,  Circulation  of, 
compared,  150. 

Whirlpool,  the  Magic,  224. 

Whitwortix's  Dividing  Machine, 
220. 

Wilson,  Dr.  G.,  on  Chemical  Final 

Causes,  153, 155,  163. 
Wine,  Chemistry  of,  by  Miilder, 

201. 

WoUaston,  Dr.,  Death  of,  178. 
WoUaston,  Dr.,  in  the  Laboratory, 
177. 

WoUaston,  Dr. .  and  Platinum .  126. 
Woolwich  ArjcfSal,  Or^hi>of,  214. 
Wootz,  or  JwiHwi  Steal,  llK 
Worceste;',' M-drquis  of, 'ajiA  the 
Steam/(?Bgine,  171.        ^  \ 

ZiNO,  Hlstory-of,  125aRY  I 
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Educational  Boohs 


THE  FRENCH  LANGUAGE. 

M.  de  Fivas"  Works  for  the  Use  of  Colleges,  Schools, 
and  Private  Students. 

The  attention  of  Schoolmasters  and  Heads  of  Colleges  is  respectfullj'  re- 
quested to  the  following  eminently  useful  seriesof  French  class-books,  which 
have  enjoynrt  an  unprecedented  popularity.  A  detailed  prospectus  will  be 
sent  on  application. 

De  Pivas'  New  Grammar  of  French  Grammars ; 

comprising  the  substance  of  all  the  most  approved  French  Grammars 
extant,  but  more  especially  of  the  standard  work  '  La  Grammaire  des 
Grammaires'  sanctioned  by  the  French  Academy  and  the  University  of 
Paris.  "With  numerous  Exercises  and  Examples  illu-strative  of  every 
Rule.  By  Dr.  V.  ns  PiVAS,  M.A.,  P.E.I. S.,  Member  of  tlie  Grammatical 
Society  of  Paris,  &c.,  &c.  Fortieth  Edition,  price  3s.  6d.  handsomely 
bound. 

'At  once  the  simplest  and  most  complete  Grammar  of  the  French  lan- 
guage. To  the  pupil  the  effect  is  almost  as  if  he  looked  into  a  map,  so  well- 
defined  is  tlic  course  of  study  as  explained  by  M.  de  Fivas,' — Litekaut 
Gazrtte. 

A  Key  to  the  above,  price  3s.  6d. 

De  Fivas,  Questionnaire  Complet  sur  Tontes  les 

ESffles  de  la  Grammaire  des  Grammaires  de  M.  de  Fivas,  pour  exercer 
rintellig'ence  des  Elfeves  et  les  habituer  a  exprimer  en  frangais  ce  qa'ils 
ont  etudie  dans  le  Texte  anglais.   12mo.  2s.  bound. 

De  Fivas,  Grammaire  des  Grammaires  avec  Clues- 

tionnaire.  Consisting  of  De  Fivas'  French  Grammar,  with  Questionnaire, 
together  in  One  Volume,  strongly  bound  in  red  leather,  price  5s. 

De  Fivas'  New  Guide  to  Modern  French  Conver- 
sation ;  or,  the  Student  and  Tourist's  French  Vade-Mecum  ;  containing 
a  Comprehensive  Vocabulaiy,  and  Phrases  and  Dialogues  on  every  use- 
ful or  interesting  topic ;  together  with  Models  of  Letters,  Notes,  and 
Cards;  and  Comparative  Tables  of  the  British  and  French  Coins, 
Wciglits,  and  Measures  :  the  whole  exhibiting,  in  a  distinct  manner,  tlie 
true  Pronunciation  of  the  French  Language.  Twenty-seventh  Edition, 
IBmo.  price  2s.  Gd.  strongly  half-bound. 

De  Fivas,  Beautes  des  Ecrivains  Francais,  Anciens 

et  Modernes.  Ouvrage  Classique  a  I'usage  des  Colleges  et  des  Institu- 
tions. Qnai-torzieme  Edition,  augment6e  de  Notes.  Historiques,  Geo- 
grnpl  iqucs.  Pliilosophiques,  Litt6raii-es,  Grammaticales,  et  Biogra- 
p'  iques.  12mo.  38.  6d.  bound. 
'  A  coi.v.-niont  reading  book  for  the  student  of  the  French  language,  at 
the  .same  time  affords  a  pleasing  and  interesting  view  of  French  literature. 

OBSERVEI!. 

De  Fivas,  Introduction  a  la  Langue  Francaise; 

on  Fables  et  Contes  Choisis  ;  Anecdotes  Instructives,  Faits  M6morables, 
&c  Avcc  un  Dictionnaire  de  tous  les  Mots  tradnits  en  Anglais.  A 
I'usage  de  la  jeunesse,  et  de  ceux  qui  commencent  a  appendre  la  langue 
francaipe.  Twentv-fourth  Edition.  12mo.  2s.  6d.  bound. 
'  By  far  the  best  first  French  reading  book,  whether  for  schools  or  adult 
pupils.'— Tait's  Maci.azine. 

De  Fivas,  Le  Tresor  National;  or,  Guide  to  the 

Translation  of  English  into  French  at  Sight.   Sixth  Edition,  12mo. 
2s.  (id.  bound. 
*,«  A  Key  to  the  above.   12mo.  2s.  cloth. 
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THE  GERMAN  LANGUAGE. 

Br.  Falck  Lebahn's  Popular  Series  of  German  School-books. 

'  As  an  educational  lariter  in  the  German  tongue,,  Dr.  LebaJin  stands  alone  ;  none 
other  has  made  even  a  distant  approach  to  him.' — British  Standabd. 

Lebalin's  German  Language  in  One  Volume.  Seventh 

Edition,  containing — I.  A  Practical  G-rammar,  with  Exercises  to  every 
Rule.   II.  Uuduie;  aTale:  by  De  la  Moite  Focque,  with  Explanatory- 
Notes  of  aU  difflciilt  words  and  phrases.   III.  A  Vocabulary  of  4,500 
"Words,  synonymous  in  English  and  German.   Crown  8vo.  8a.  cloth. 
With  Key,  10s.  6d.    Key  separate,  2s.  6d. 
'  The  Dest  German  Grammar  that  has  yet  been  published.' — Morning  Post. 
'  Had  we  to  recommence  the  study  of  German,  of  all  the  German  grammars 
wliich  we  have  examined — and  they  arc  not  a  few — we  should  unhesitatingly  say, 
Falck  Lebahn'a  is  the  book  for  us.' — Educational  Times. 

'  The  exercises  are  very  good,  well  graduated,  and  well  designed  to  illus- 
trate the  rules.  The  "  4,500  words  synonymous  in  German  and  English  "  is  a 
very  advantageous  featvire.'— Spectator. 

Lebahn's  First  German  Course.    Fourth  Edition. 

Crown  Svo.  2s.  Gd.  cloth. 
'  It  is  hardly  possible  to  have  a  simpler  or  better  book  for  beginners  in  German.' 

Athen^um. 

'  It  is  really  what  it  professes  to  be — a  simple,  clear,  and  concise  Introduction  to 
the  German  Language.' — Critic. 

Lebahn's  Edition  of  Schmid's  Henry  von  Eichen- 

fela.    "With  Vocabulary  and  Familiar  Dialogues.   New  and  Cheaper 
Edition  (the  eighth).   Fcp.  Svo.  cloth.  Is.  6d. 
'  Equally  with  Mr.  Lebahn's  previous  publications,  excellently  adapted  to  assist 
self-exercise  in  the  German  language.' — Spectator. 

'  The  Dialogues  are  as  perfectly  adapted  to  render  the  student  a  speaker  of 
this  interesting  language.as  is  the  Vocabulary  for  making  him  a  reader.' 

Educational  Times. 

Lebahn's  First  German  Reader.  Fifth  Edition,  Cr.Svo. 

3s.  6d.  cloth. 

'Like  all  Lebahn's  works,  most  thoroughly  practical.' — Britannia. 

'An  admirable  book  for  beginners,  which  indeed  may  be  used  without  a  master.' 

Leader. 

Lebahn's  German  Classics ;  with  Notes  and  Complete 

Vocabulai-ies.   Crown  Svo.  3s.  6d.  each,  cloth. 
EGMONT.   A  Tragedy,  in  Five  Acts,  by  Goethe. 
"VVILHELM  TELL.    A  Drama,  in  Five  Acts,  by  SCHELLEU. 
GOETZ  VON  BERLICHINGEN.   A  Drama.   By  Goethe. 
PAGENSTRBICHE,  a  Page's  Frolics.   A  Comedy,  by  Kotzebue. 
EMILIA  GALOTTI.   A  Tragedy,  in  Five  Acts,  by  Lessdjg. 
UNDINE.   A  Tale,  by  FoUQUE. 
SELECTIONS  ii'om  the  GERJIAN  POETS. 
'  With  such  aids,  a  student  will  find  no  difficulty  in  these  masterpieces.' 

Atuen^um. 

Lebahn's  Exercises  in  German.  Cr.  8vo.  3s.  6d.  cloth. 

'  A  volume  of  "  Exercises  in  German,"  including  in  itself  all  the  vocabularies 
they  require.  The  book  is  well  planned  j  the  selections  for  translation  from  German 
into  English,  or  from  English  into  German,  being  sometimes  curiously  well  suited 
to  tlie  pm-pose  for  which  they  are  taken.' — Examiner. 

Lebahn's  Self-Instructor  in  German.    Crown  Svo. 

3s.  6d.  cloth. 

'  One  of  the  most  amusing  elementary  reading-books  that  ever  passed  under  cm 
hands.'— John  Bull. 
'  The  student  could  have  no  guide  superior  to  Mr.  Lebahn.' 

LiTBRART  Gazette. 


Educational  Books 


MCHENRY'S  SPANISH  COURSE. 


McHenry's  New  and  Improved  Spanish  Grammar 

Containing  the  Elements  of  tlie  Langunpe  and  the  Rules  of  EtymoloCT 

w^^n^tf  ^f'^TPj^'''^  =  ^'^"^  N?*'^^  '^"d  Appendix,  con«stin/rf 
logues,  Select  Poetry,  Commercial  Correspondence,  Vocabulary  &c 
Designed  for  every  cli«s  of  Learners,  aspecially  for  such  as  are  thef;  o^ 
So  bound  gS*"'^  E<3itioi,  revised  and  con-ected  by  Alfkkd  Elwes! 

'The  Author  has  paid  more  than  ordinary  attention  to  the  rabject  of 
pronunciation.    The  rules  are  laid  down  with  brevity  and  distmctness  and 

m^'^'m^i^'^'^"''*"-'?,^?  ^^'^'"P^^^  :  '^"'J'  i»  ^^^"'•t.  thtarthat  this  work 
of  Mr.  McHenry  will  be  a  useful  guide  to  those  who  wish  to  forZIn 
acquaintance  with  the  language  of  Spain.'— Critical  Review. 

'  Justice  compels  us  to  saj^  that  this  is  the  most  complete  Spanish  Grammar 
for  the  use  of  Enghshmen  extant.  It  fully  performs  the  promises  in  the 
title-page.'— British  Herald. 

McHenry's  Exercises  on  the  Etymology,  Syntax, 

Idioms,  &c.  of  the  Spanish  Language.  New  Edition,  revised  by  Alfred 
Elwes.   12mo.  bound,  3s. 

*#*  Key  to  the  Exercises,  revised  and  corrected  by  Alfred  Eltves 
Price  4s.  bound. 

'  Unquestionably  the  best  book  of  Spanish  Exercises  which  has  hitherto 
been  published.' — Gentlema_N"'s  Magazine. 

McHenry's   Synonyms  of  the  Spanish  Language 

Explained.    ]2mo.  bound,  4s. 

'An.^dons  to  render  the  work  as  interesting  as  possible,  the  Author  has 
expended  cousidei  able  time  and  labour  in  making  a  selection  of  characteristic 
extracts  from  the  most  approved  ^mtel•s,  which,  while  they  serve  to  ex- 
emplify or  elucidate  the  particular  synonyms  under  consideration,  may  at 
the  same  time  recommend  themselves  to  the  learner  by  their  uitrinsic  value.' 

Extract  prom  the  Preface. 


RAGONOT,  VOCABULAIRE  SYMBOLIQUE. 


Vocabidaire  Symbolique  Anglo -Fran^ais. 

A  Symbolic  French  and  English  Vocabulary,  for 

students  of  every  age  in  all  classes ;  in  which  the  most  Useful  and 
Common  "Words  are  taught  by  Illustrations.  By  L.  C.  Ragoxot.  Pro- 
fessor of  the  French  Language.  Tenth  Edition,  with  upwards  of  850 
Woodcuts  and  9  full-page  Copper-plates.   4to.  cloth,  5s.  , 

Symbolisches  Englisch-Deuf sokes  Worterhich. 

The  Sjrmbolic  Anglo-German  Vocabulary,  adapted 

from  Bagonot's  '  Vocabulaire  SymboUque  Anglo-Fi'an(;ais.'  Edited  by 
Falck  Lebahn,  Ph.Dr.  With  850  Woodcuts  and  8  full-page  Litho- 
graphic Plates.    Demy  8vo.  cloth,  Gs. 


Published  hy  Crosby  Lochwood  ^  Co. 


CIVIL  SERVICE  HANDBOOKS. 

Indispensable  for  Candidates  for  Examinations. 

The  Civil  Service  Geography,  General  and  PoHtical. 

^/ ^'^e  ^'^te  L  M  D  Spence.   Revised  by  Thomas  Gray,  of  the  Board 
^  of  Irade.    Fjfth  Edition,  Woodcuts  and  Six  Maps,  fop,  2s.  6d.  cloth 
A  thoroughly  reliable  as  well  as  a  most  ingenious  compendium  of 
geography.'— Civil  Service  Gazeite. 

The  Civil  Service  Handbook  of  English  Literature. 

?°]'^°?'  Trade,  Editor  of  the  '  CivU  Service  History 

of  England  &c.  fcp.  3s.  cloth. 

'  An  excellent  handbook  of  EngUsh  Literature  by  Mr,  H.  A,  Dobson.' 

nW.i^Fwtv''''^  °\  ^""^^^^  ^^'^y  ^""^^  P"*  M''-  I»obsoi^s™oTki^Tt  is 
chiefly  bibhographical,  and  its  dates  have  been  verified  with  scrupuloM 
^^^^  It  possesses  the  mdispensable  and  rare  meiit  of  accuracy.' 

EXA-MINER. 

The  Civil  Service  History  of  England ;  being  a  Fact 

S^^'a*  B-^-   Second  Edition,  re- 

2s  6d,  cloth."         ''''''''''  °^  °^  Trade,  with  Four  Mk^s, 

remember  to  have  seen  anything  of  the  kind  so  compendious 
complete,  accm-ate,  and  convenient  for  use.'— Athen^um  '^mpenaious, 

The  Civil  Service  Book-keeping ;  or,  Book-keeping  no 

Entrv  A;inW?''°^*P^''^°P"^^^^^  Explained,  and  the  Theory  of  ifouble 
fc^fs-'^d  cloth.  ^y'^^^^-CED  Book-keeper.  Second  Edition, 

re;iL:LfJLrLr/o?^^^^^  ^  ^-^^^^  -  ^^-^-^ents 

^}Vi  n-^^^^^®  Orthography :  a  Handy  Book  of 

English  Spe  hug,  witli  Eules  and  Exercises.    By  E.  S.  H  B  Second 
_  Edition,  revised  and  corrected,  fcp.  Is.  6d.  cloth. 

qJ^7.  <^^^V\^^  little  b00k.'-PALL  MALL 

The  Civil  Service  Chronology  of  Historv  Art 

Kcll^eCali  Waf  "'T'.^'^'r  *°        Conclufi^n  of  the 

.  iCiiy^^T'  0  ~3rsVo?h^-  ^- 

foAf^^^'J:ltS^^^-,^^^  -  -ding  up 

^^!hpH^?  ^^7.'^^  ^^^^^^^  Grammar :  being  Notes  on 

H.n?M.17  Of  the  English  Language.    By  W  T  YA-mJ 

^  Head  Master,  Wmdermere  Grammar  School,  fcp.  Is.  6d  cloth  ' 

assiSfancrast  oSre^d  h^JftoTh^e  SenH?  "^^^'^  7°^^^  f 
«on  in  Grainmar  and  L^^^u^^^^S^^^^^^^^^^^^ 

The  Civil  Service  First  French  Book:  beino-  a  Prao 
A  Key  to  the  above,  fcp.  2s.  6d.  cloth. 
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BARTON'S  SCHOOL  LIBRARY. 

Edited  by  the  Rev.  li.  G.  Johns,  late  Head  Master  of  the  Grammar  School, 
Dulwich  College,   18mo.  price  Is.  each,  strongly  bound. 


Outlines  of  Eoman  History.  By  Rev,  B  G,  Johns.  Is. 
The  German  Language,  the  Little  Scholar's  First  Step 

in.    By  Mrs.  Palc'k  Leuahn.  Is. 

German  Reading,  The  Little  Scholar's  First  Step  in. 

Containing  Fifty  Tales  from  Schmid,  with  Notes,  By  Mrs.  Faju3K 
Lebahn.  Is. 

The  Elements  of  Geography.    By  the  Rev,  B,  G, 

Johns.  Kevised  by  Jajies  Hewitt,  P.R.G.S.  Greatly  enlarged  and 
carefully  corrected.  Is. 

A  Short  and  Simple  History  of  England.    By  the 

Rev.  B.  G.  Johns.    Corrected  to  1875.  Is. 

The  First  Book  of  Poetry.   Selected  by  the  Rev.  B.  G. 

Johns.  Is. 

The  French  Language,  an  Easy  and  Practical  Intro- 
duction to.   By  John  Haas.   First  Course.  Is. 

The  French  Language,  an  Easy  and  Practical  Intro- 
duction to.   By  John  Haas.   Second  Course.  Is. 

***  The  above  Two  Volumes  bound  together,  2s. 

Key  to  the  Exercises  in  the  Second  Course  of  the  above, 

Is. 

The  Latin  Language,  an  Easy  and  Practical  Introduc- 
tion to.  By  A,  H.  MoNTEiTH,  Is.  Key  to  the  same,  Is. 


Tomkins'  Poetry. — Poetry  for  Schools  and  Families ; 

or,  the  Beauties  of  English  Poetry.  Selected  for  the  Use  of  Youth.  By 
B.  ToMKXNS.  Twenty-second  Edition,  with  considerable  Additions  and 
fine  Steel  Frontispiece.    Fcp.  8vo.  cloth,  2s.  6d. ;  gilt  edges,  3s. 

The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit, 

the  Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor 
at  the  Sorbonne,  &c.  Translated  from  the  French.  Fifth  Edition, 
fcp.  cloth,  3s.  6d. 

When  to  Double  your  Consonants.    See  the  "Writer's 

Enchiridion,  a  List  of  all  the  Verbs  that  Double  their  Consonants  on 
taking  ED,  EST,  ING,  &c.    By  J.  S.  Scarlett,   18mo.  cloth  limp.  Is. 

Mind  your  H's  and  Take  Care  of  your  R's.  Exercises 

for  Acquiring  the  Use  and  Correcting  the  Abuse  of  the  Letter  H  ;  with 
Additional  Exercises  on  the  Letter  R.  By  Chas.  Wm.  Smith,  Author 
of  '  Clerical  Elocution,'  &c.    Fcp.  cloth  Ump,  Is. 

The  Young  Reporter  :  a  Practical  Guide  to  the  Art 

and  the  Profession  of  Sliorthand  Writing,  with  a  Dictionary  of  Latin 
Quotations,  &c.    Fcp.  cloth.  Is. 


Published  by  Crosby  Lochwood  ^  Co.  7 


THE 

SCHOOL   MANAGERS'  SERIES 

OF 

READING  BOOKS. 

EDITED  BY  REV.  A.  R.  GRANJ, 

Eector  of  Hitcham,  and  Hon.  Canon  of  Ely,  and  formerly 
H,M.'s  Inspector  of  Schools. 

'  Hie  readuKj  lessons  which  we  want  are  compositions  written  expressly  for 
the  purpose — suited  to  children  without  being  childish,  s-iisible  without  being 
dull,  giving  elementary  knowledge  in  a  form  fitted  to  excite  interest  and 
curiosity;  introducing  common-sense  reasoning  on  the  ordinary  mat'ers  of  I  ife  ; 
associating  knoicledge  with  every-day  business,  instead  of  leaving  it  in  the  cloud- 
land,  where  it  rests  with  most  child/ en — apart  from  interest  or  pleasure — and 
ever,  whether  expressly  or  by  implication,  bringing  to  bear  on  the  heart  and 
conduct  the  great  principles  made  known  to  m  by  Divine  Revelation.' — Editor's 
Preface  to  the  Series. 


SUMMARY  OF  CONTENTS. 

s.  d. 


IxTitODtJCTORY  PnisiEii — Tlic  Alphabet  and  Easy  Lessons  followed  by 

Short  Dialogues   0  3 

PmsT  Staxdabd— Short  Dialogues,  and  Stories  in  Prose  and  Verse  . .  0  6 
Second  Staxdaiid — Dialogues,  Stories,  Short  Headings  in  Poetry,  and 

Geography   0  10 

Thtrd  Staxuakd— Sketches  of  the  Principal  Events  in  English  His- 
tory, with  Illustrative  Poeti'y  from  Tennyson,  Dean  Trench,  &c.   1  0 

FounxH  Standard— Prose  Readings  and  Dialogues  on  Every-day 
Life,  as  Nursing,  Vaccination,  Household  Management,  Getting 
on  in  Life,  Emigration,  &c.,  &c. — Geology  and  Astronomy- 
Extracts  from  Shakespeare,  Coleridge,  "Wordsworth,  &c   1  2 

Fifth  Standard — Sketches  and  Stories  of  our  Colonies— Readings 

from  Shakespeare,  Tennyson,  &c   1  6 

Sixth  Standard— The  Two  Napoleons  :  Being  a  Sketch  of  the  Prin- 
cipal Events  in  the  History  of  Europe  dm-ing  the  last  Eighty 
Tears    1  6 

Lessons  prom  the  Bible  (Old  Testajiekt),  for  the  use. of  Elemen- 
tary Schools.   Edited  by  the  Rev.  A.  R.  Grant,  M.A   1  0 

Lessons  from  the  Bible  (New  Testament),  with  Scriptcre  Geo- 
graphy, for  the  use  of  Elementary  Schools.  Edited  by  the 
Rev.  A.  R.  Grant,  M.A.  1  2 

Lessons  from  the  Bible.   The  above  2  vols,  bound  together   2  0 


Opinions  of  the  Press. 

'  Most  admirable  Reading  Books,  alapted  for  every  standard  under  the 
Revised  Code,  and  it  is  impossible  to  speak  too  highly  of  them.  We  com- 
mend them  to  the  consideration  of  the  National  Society ;  their  imprimatur 
to  a  work  so  unique  and  almost  perftct  as  that  before  us  would  be  as  credit- 
able to  the  Committee  as  it  would  be  an  undoubted  boon  to  School  Managers.' 

John  Bvhh. 

'  Exactly  what  many  teachers  will  be  glad  to  find  ready  to  their  hands.' 

Spectator. 


8  Educational  Books 


BOOKS  FOR  NUBSERY  OR  MATERNAL 
TUITION. 

m,.    ^.  ENGLISH. 

The  First  or  Mother's  Dictionary.    By  Mrs.  Juieson 

(former!;' Mrs.  MuiiPHY).    Tenth  Edition.    18mo.  2s.  6d.  cloth 

School-Room   Lyrics.     Compiled    and    Edited  bv 

Anne  Knight.   New  Edition.   18mo.  Is.  cloth. 

Chickseed  without  Chickweed:  bein<r  very  Easy  and 

Entprtaining  Lessons  for  Little  Children.  In  Three  Parts  Part  T  in 
^•ords  of  three  letters.   Part  IL  in  ^^'ords  of  four  letters    Part  IlJ"  S 

Cobwebs  to  Catch  Flies ;  or,  Dialogues  in  short  sen- 

'       Twf'iD  f'^^l'^'^i^S^S'ii'dren,  from  the  age  of  three  to  eight  years.  In 
Wove  '  >  °f  three,  four,  fi/e,  and  six 

letters  suited  to  children  from  three  to  five  years  of  age  Part  II 
cloth  gilt'^''*'^       Children  from  five  to  eight  years  of  age.   12mo.  2s". 

FRENCH. 

Petites  Causeries ;  or,  Elementary  French  and  English 

Conversations.  For  Young  Students  and  Home  Teaching.  To  which 
are  added,  Models  of  Juvenile  Correspondence.  Illustrated  by  Eight 
Eull-page  Engravings  and  numerous  Woodcuts.  By  Achdlle  Motteau 
Author  of  '  The  Civil  Service  First  French  Book"'  and  '  Questionnau-e 
sur  la  Grammaire  des  Grammaires  de  M.  de  Fivas.'  Square  crown 
8vo.  2s.  Cd.  cloth  elegant.  [jtist  published. 

La  Bagatelle ;  intended  to  introduce  Children  of  five 

or  six  yeai-s  old  to  some  knowledge  of  the  French  Language.  Revised 
by  Madame  N.  L.  New  Edition,  with  entirely  New  Cuts.  18mo.  2s.  6d 
bound. 

This  little  work  has  imdergone  a  most  careful  revision.  The  orthography 
has  been  modernised  and  entirely  new  woodcuts  substituted  for  the  old  ones 
It  IS  now  offered  to  parents  and  others  engaged  in  the  education  of  young 
children,  as  well  adapted  for  familiarising  their  pupils  with  the  construction 
and  sounds  of  the  French  language,  conveying  at  the  same  time  excellent 
moral  lessons. 

Barbauld,  Lecons  pour  des  Enfants  de  I'Age  de  Deux 

Ans  jusqu'a  Cinq.  Traduites  de  lAnglais  de  Mme.  Barbauld  par 
M.  Pasquieh.  Suivies  des  '  Hymnes  en  Prose  pour  les  Enfants,'  tra- 
duites de  1' Anglais  de  Mme.  Babbauld  par  M.  Cjlemexce.  Nonvelle 
Edition,  le  tout  revu  par  Clotilde  Nonnis.  Avec  un  Vocabulaire  com- 
plet  Fran^aoB- Anglais.    ISmo.  cloth,  2s. 

Barbauld,  ilymnes  en  Prose,  pour  les  Enfants.  Tra- 
duites de  I'Anglaise  par  M.  Clejience.   18mo.  limp,  Is. 

GERMAN. 

The  Little  Scholar's  First  Step  in  the  German  Lan- 
guage.  By  Mrs.  Falck  Lebahn.    ISmo.  cloth,  Is. 

The  Little  Scholar's  First  Step  in  German  Eeading. 

Containing  Fifty  Shoi-t  Moral  Tales  from  Chbistopm  von  Scrorro,  with 
Notes  and  Vocabulary.   By  Mrs.  Falck  Lebahn.   18mo.  cloth,  Is. 


Published  by  Crosby  Lockwood  8r  Co. 


DR.  LARDNER'S  POPULAR  SCIEIiTTIPIC 

WORKS.  

The  Museum  of  Science  and  Art.    Edited  by  Dionysius 

Lardnbr  D.C.L.,  formerly  Professor  of  iVatiiral  PhilosoDhv  and  As- 
tomomym  University  CoUege,  London.  Re-issue  in  sSffi  Vol™ 
with  upwards  of  1,200  Engravings  on  Wood.   Price  £1  Is  L T^ew 
' "       MZn^'°nf     -'"^^  =      ^If.-'^orocco  elegant  £L  1  Is  'e^ 

^"^s*"™      Science  and  Art"  is  the  most  valuable  contribution 
that  has  ever  been  made  to  the  scientific  instruction  of  ev^cM  tS' 
Sir  David  Brewster  in  the  North  British  Review. 
Popular  Treatises,  abridged  from  the  above. 
Common  Things  Explained.    With  233  Illustrations. 

5s-^oth  ;  or  m  2  vols,  price  2s.  6d.  each.  ^citiuua. 

The  Microscope.  With  14  Illustrations.  2s.  cloth. 
Popular  Geology.  With  201  lUustrations.  2s.  6d.  cloth. 
Popular  Physics.  With  85  Illustrations.  2s.  6d.  cloth. 
Steam  and  Its  Uses.  With  89  Ilkstrations.  2s.  cloth, 
^^fpl  I'ww^A  ^''^  Illustrations.  4s.  6d. 
??e?WH.TV^'^\*'i  135  Illustrations.  2s.  cloth. 
The  Electric  Telegraph  Popularised^  lOO  Ulus.  Is.  6d. 

Natural  PhilosophTfoTSchools  By  Dr  Lardnpr 
Ammal  Physiologi;ioJ  'St'       Dr"  LhS^h 

The    K.^^WV""^  second  Edition.   C10..L  33'.  B^tlofh  ' 

ine  Handbook  of  Astronomy.    By  Dr  LARnNFP 

pf  ^  ^^^T-   »^^^«<*  '^"d  Edited  by  EDwm^uxS  F  R  S  w-fi.' 
38  Plates  and  upwards  of  100  Woodrnts    rn^TJr^i:-  ,  With 

^^^^ 

Ine  Handbook  of  Animal  Phvsics        Dr.  r  * 

eV-ir--   -ondSirc-arefi^?  c^^i:^.^^C^o^^ 

The  Electric  Telegraph.    New  Edition    Bv  E  B 

TT^r^'^'^^l^-^-^-.'^^^^^ons.   Post8vo.  2s  6d  clotJ 

The  Handbook  of  Mechanics.  A  New  Edition    Fdi t .,1 

and  considerably  Enlarged  by  B.  Loewy  F  R  f  ?  w^^  .,0  .^^^ 
trations.   Post  8vo.  cloth  6s         -^"^^Y,  Jj.R.A.S.   With  378  Dlus- 

The  Handbook  of  Heat.    New  Edition  ^-"^'f 

and  Enlarged.   By  BenjaminLoewyTr  A  S   TtV  n?i^rT^'^^ 
Post  8vo.  cloth.  6s  ■uuJ!' w  Y,  J*  .it.A.fa.    With  117  lUustrations. 

The  Handbook  of  Hvdrostatipq  nn/i  ^'"-''p^'^^'^j'- 

New  Edition,  by  B.  LoEw/ p  R  a  t  w-..,  ^oT  .  ^^leUmatlCS. 
Svo.  cloth,  5s.  -^OEWT,  P.R.A.S.  With  236  Illustrations.  Post 

The   Handbook  of  Electricity,   Magnetism  ar,^ 

Acoustics.  New  Edition.  Edited  bv  GvmJjr .  j^'^f^^eUSm,  and 
With  .100  lUustrations.   PosS clo'rpS^  ' 

The  Handbook  of  Optics.    New  Edition    Edi>.^  v. 

T.  Olver  Harding,  B  A  With  9qs  tu,  .  il^dlted  b}" 
 .                '          ^^'th  298  niustrations.   Post  Svo.  cloth,  5s. 


Popular  Boohs 


THE  LAWGIVER  OP  THE  PLAYGROUND. 


New  Edition,  1877,  with  many  improvements  and  additions. 
The  Boy's  Own  Book :  a  Complete  Enclyclop^dia  of 

Sports  and  Pastimes,  Athletic,  Scientific,  and  Recreative.  A  New 
Edition,  revised,  witti  many  Additions  and  Improvements,  including  the 
Newest  Games  and  Amusements ;  with  more  than  600  Illustrations 
many  of  them  quite  new),  10  Vignette  Titles  printed  in  Gold,  and  over 
700  pages.  Handsomely  bound  in  cloth,  8s.  6d. ;  or  in  French  morocco, 
gilt  edges,  12s. 

PRINCIPAL  CONTENTS. 

MINOR  SPORTS:  Games  with 
Marbles — ^with  Tops— with  Balls 
— Indian  Ball  Games— Sports  of 
Agility  and  Speed — Miscellaneous 
Outdoor  Sports — Indoor  Sports — 
Sports  with  Toys. 

DRAWING-ROOM  GAMES:  Minor 
Games  • —  Shadow  Pantomimes  — 
Bouts  Rimes  —  Definitions  —  For- 
feits —  Acting  Charades  —  Acting 
Proverbs  —  Tableaux  Vivants, 
&c. 

ATHLETIC  SPORTS:  Cricket- 
Golf —Football— Croquet —  Troco 
— Hockey— Rackets  and  Fives — 
Tennis  and  Pallone  —  Quoits, 
Bowls,  Skittles,  &c. — Aunt  SaUy — 
Fencing — Broadsword  and  Single- 
stick— Archery — Riding — Driving 
— Gymnastics — Boxing  and  "Wrest- 
ling, &c. 

AQUATIC  SPORTS  :  Angling,  Sea 
Fishing — Swimming—  Rowing — 
Canoeing  —  SaiUng  —  Skating  — 
Sliding— Curling,  &c. 


THE  NATURALIST :  Singing 
Birds  —  Talking  Birds  —  Poultry- 
Yard — Pigeons-Rabbits— Guinea- 
pigs  —  Dogs  —  Cats  —  Squirrels — 
White  Mice — SUkworms — Bees — 
Aquarium,  &c. 

SCIENTIFIC  RECREATIONS : 
Arithmetical  Amusements — Mag- 
netism —  Electricity — Galvanism 
and  Electro-Magnetism  —  Chem- 
istry —  Fireworks  —  Aerostatic 
Amusements  —  Acoustics  and 
Pneumatics — Optics — The  Micro- 
scope —  The  Telescope  —  Photo- 
gi-aphy,  &c. 

GAMES  OF  SKILL:  Chess  — 
Draughts  —  Backgammon  —  Do- 
minoes —  Solitaire  —  Bagatelle  — 
Billiards — Mmor  Games,  &c. 

LEGERDEMAIN,  &c. :  Simple  De- 
ceptions and  Easy  Tricks — Tricks 
with  Money — mth  Cards — Feats 
requiring  Special  Apparatus  or 
Confederacy  —  Paradoxes  and 
Puzzles,  &c. 


APPENDIX :  The  Young  Velocipedist—  The  American  National 
Game,  Base  Ball, — La  Crosse,  the  Canadian  Gatne — Lawn- 
Tennis — Badminton,  Sfc.  Sfc. 

'  Not  one  amongst  its  rivals— not  half-a-dozen  of  them  rolled  into  one — 

match  oiu-  old  favourite  It  is  still  peerless  1  More  truly  than  ever 

the  lawgiver  of  the  playground.' — Sun. 

'  "  The  Boy's  O^-n  Book  "  has  had  many  imitators,  but  they  have  been 
but  puny  counterfeits,  and  the  new  edition  just  issued  may  bid  defiance  to 
them  all.  Brought  up  to  the  present  day,  it  is  itself  alone  the  hook  for 
hoys' — Batley's  Magazine  of  Spoils. 

'  "  The  Boy's  Own  Book  "  is  still  the  book  which  English  lads  take  most 
delight  in,  and  read  with  the  greatest  interest.  It  stands  alone,  and  is 
likely  to  stand  alone  for  many  generations  to  come,  as  the  young  Briton's 
treasury  of  pleasant,  instructive,  and  entertaining  tcnowledge.' 

CrnL  Service  Gazette. 


Published  by  Crosby  Lockioood  ^  Co. 
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'Many  Happy  Returns  of  the  Lay!'    A  Birthdav 

Book  for  Boys  and  Girls.   By  Chahles  and  Mary  Cowden  Clarke 
JJ^I'  "^"'^         ^^^'^^^  ^^'^^  liere  invited  all  «  our  hie  Uttle  ueonlp"  « 

recipients,whowiUwefeelas^m-P^  nf  a        '  ''^'^efit  of  the 

,  ,        ,  .  Literary  Gazette. 

Hap^y  Re°tS°ortt  S^T?-  l°tt\S^  f.^ bJt  ^  " 
shrinldng,  upon  its  positi  JexceirclS  ll^' a^d^deTeT.^^^^^^^^ 

Westminster  Revibw. 

^""^  ^o"'-     Illustrated  with  more 

Warwick-Tom  Hickathrift  n  ^  '''^  S^''"  Sfcalk-Sir  Guy  of 
Thiunb-PnsshiKs-^^fHP  Hood-Tom 
-Little  Goody  TvJ^o  |hoef  Th^^i?5'°^-?°°'^-^''^^  ^ame  Crump 
Fail-  One  with  Golden  £S-iSu?vand"tho^p^"\^  Wood-The 
Little  Glass  Slipper-PiSsSm  tK'''^*T^."^^^'^"*;  or,  the 
The  Elfin  Plough-T™ine  Cnn^iiiJ^  ^'^^  °^  the  Fairy  Forest- 
Little  Fisher-Boy-Ha^s  ii  Luck  Thp  7^°^°°^.*^.'^  Lisbeth-Tlie 
Tailor-Peter  the  GoTtheM-Rpd~rnnw^'''°*  ^r'^^e  Little 

Three  Golden  Hairs^°£ti?Ue'BS4  ^'"^-^^^ 
A  charming  collection  of  favourite  stories.'- Athe™ 

tobi&reK^i^'e?;^^^^^^  volum'e,  which  ought 

Aunt  Judy's  Magazinb. 

-The  Playground  -  FootM  -  lockev  ^  P  n?f^°  p  :-In-door  Games 
Skittles-Quoits-Bowls-Runnine  and  wn^  ~  Croquet-Cricke^- 
mg- Archery-  Angling -Sfl-ZminS  ^^'^'^g-Gymnastics-Fenc- 
Driving-Ches8-DrLght3-DomS~<?°''^°^-S^*^ting-Riding- 
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Popular  Books 


The  Little  Boy's  Own  Book  of  Sports,  Pastimes,  and 

Amusements.  Abridged  from  tlie  'Boy's  Own  Book.'  An  entirely 
New  Edition,  profusely  illustrated,  in  a  new  and  elegant  binding. 
Royal  16mo.  3s.  6d.  cloth. 

'  The  very  best  possible  present  for  a  youth.'— Hohijet. 

'  It  is  so  full  of  information  of  an  interesting  character  to  boys,  and  so 
prettily  got  up,  that  we  predict  that  it  will  de^y  all  competition.'— 
Literary  World. 

Cast  Away  on  the  Auckland  Isles:  a  Narrative  of 

the  "Wreck  of  the  '  Grafton,'  and  of  the  Escape  of  the  Crew,  after 
Twenty  Months'  Suffering.    Prom  the  Private  Journals  of  Captain 
Thomas  Musgrave.     Together  with  some  Account  of  the  Auck- 
lands.   Also,  an  Account  of  the  Sea  Lion  (originally  written  in  seal's 
blood,  as  were  most  of  Captain  Musgrave's  Journals.   Edited  by  John 
J.  Shillinglaw,  P.R.Gr.S.    Handsomely  printed,  post  8vo.  cloth,  with 
Portrait  and  Sketch  Map.  3s.  6d. 
The  Times  Correspondent  (December  19, 1865)  says  that  Captain  Mus- 
grave's Diary  '  is  almost  as  interesting  as  Daniel  Defoe,  besides  being,  as  the 
children  say,  "  all  true."  ' 

'  It  is  seldom,  indeed,  that  we  come  upon  a  sea  narrative  now-a-days  as 
interesting  as  this.' — Lloyd's  Newspaper. 

'  Truth  is  here  stranger  than  any  fiction.' — ^News  of  the  WoriJ). 
'  A  more  interesting  book  of  travels  and  privation  has  not  appeared  since 
"  Robinson  Crusoe  ;"  and  it  has  this  advantage  over  the  work  of  fiction, 
that  it  is  a  fact.'— Observer. 

'  Since  the  days  of  Alexander  Selkirk,  few  more  interesting  narratives 
have  seen  the  light.' — Melboukme  Spectator. 

A  Manual  of  Swimmuig ;  including  Bathing,  Plunging, 

Diving,  Floating,  Scientific  Swimming,  and  Training  ;  with  a  Chapter 
on  Drowning,  Rescuing,  &c.  By  Charles  Steedman,  several  years 
Champion  Swimmer  of  Victoria.  With  Thirty-one  Illustrations.  Fcp. 
cloth,  2s.  6d. 

'  The  most  complete  work  of  the  kind  we  have  seen,  and  we  have  every 
confidence  in  recommending  it.' — Educational  Times. 

Good  Thing's  for  Railway  Readers.   1000  Anecdotes, 

Original  and  Selected.  By  the  Editor  of  'The  Railway  Anecdote 
Book.'    Large  type,  crown  8vo.  with  Frontispiece,  Is. 

'  A  capital  collection,  and  wiU  certainly  become  a  favourite  with  all  fail- 
way  readers.' — Reader. 

'  Just  the  thing  for  railway  readers.'— London  Review. 

'  Fresh,  racy,  and  original.' — John  Bull. 

'  An  almost  interminable  source  of  amusement,  and  a  ready  means  of 
rendering  tedious  journeys  short.'— Miotng  Journal. 
'  Invaluable  to  the  diner-out.'— Illustrated  Times. 

The  Fables  of  Babrius.   Translated  into  English  Verse 

from  the  Text  of  Sir  G.  CornewaU  Lewis.   By  the  Rev.  James  Daviks, 
of  Lincoln  Coll.  Oxford.   Fcp.  6s.  cloth  antique. 
' "  Who  was  Babrius  ?"   The  reply  may  not  improbably  startle  the  reader. 
Babrius  was  the  real,  original  Msov-   Nothing  is  so  fabulous  about  the 
fables  of  our  chUdhood  as  their  reputed  authorship.'- Daily  News.' 

'  A  fable-book  which  is  admirably  adapted  to  take  the  place  of  the  im- 
perfect collections  of  iEsopian  wisdom  which  have  hitherto  held  the  first 
place  in  our  juvenile  Ubraries.'— Hereford  Tijies. 


Published  by  Crosby  Lockwood  ^  Co. 
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JOHN  TIMBS'S  POPULAR  WORKS. 


Mn«  one  who  reads  and  rememlers  Mr.  Timbs's  encydopcBdic 
should  eTer  after  he  a  good  table  talker;  an  excellent  companion  for  children, 
a  '  Kelt-read  person,'  and  a  proficient  lecturer.'— Atsekmvu. 

Thinffs  not  Generally  Known  Familiarly  Explained. 

By  John  Turns.  New  Edition,  in  6  double  volumes,  either  cloth 
efegan™  r  strongly  half-bound,  gilt  backs,  30s  Vol  I.  Gene^J  ^or- 
mation-  Vol.  H.  Curiosities  of  Science  Vol.  HI.  Oimosities  01 
Sfstory:  and  Popular  Errors  Explained  ;  Vol.  IV.  Notable  Things,  and 
Things  to  be  Remembered ;  Vol.  V.  A  Garland  for  tl^^Ye^  and  Seme- 
thing  for  Everybody,  and  Knowledge  for  the  Time ;  Vol.  VI.  Mystenffi 
ofLife,  Death,  and  Futurity,  and  Predictions  Realized  in  Modern 

'  As  fnU  "of  information  as  a  pomegranate  is  full  of  seed.'— Ptjnch. 

*,«  Tlie  above  are  sold  separately,  price  5s.  each,  and  in  single  Volumes 

as  follows : — 

General  Information.  2  vols.  2s.  6d.  each,  cloth. 

Curiosities  of  Science.  2  vols.  2s.  6d.  each,  cloth. 

Curiosities  of  History  ;  Populab  Errors  Explained.  2  v.  2s.  6d.  each. 

Notable  Things  ;  Things  to  be  Remembered.  2  vols.  2s.  6d.  each,  cloth. 

A  Garland  for  the  Year,  and  Something  for  Everybody  ;  Knowledge 

for  the  Tbvib.   2  vols.  fcp.  2s.  6d.  each,  cloth. 
Mysteries  of  Life,  Death,  and  Futurity,  and  Predictions  Realized 

IN  Modern  Times.   2  vols.  fcp.  2s.  6d.  each,  cloth. 

School-days  of  Eminent  Men.    Containing  Sketclies 

of  the  progress  of  Education  in  England,  from  the  Reign  of  King 
Alfred  to  that  of  Queen  Victoria;  and  School  and  College  Lives  of 
the  most  celebrated  British  Authors,  Poets,  and  Philosophers  ;  Inventors 
and  Discoverers  ;  Divines,  Heroes,  Statesmen,  and  Legislators.  By 
John  Timbs,  P.S.A.  New  Edition,  revised  and  partly  rewritten.  With 
a  Frontispiece  by  John  Gilbert.  13  Views  of  Public  Schools,  and  20 
Portraits  by  Harvey.   Fcp.  3s.  6d.  handsomely  bound  in  cloth. 

Ki"  Extensively  used,  and  specially  adapted  for  a  Prize-Book  at  Schools. 

'  The  idea  is  a  happy  one,  and  its  execution  equally  so.  It  is  a  book  to 
interest  all  boys,  but  more  especially  those  of  Westminster,  Eton,  Harrow, 
Rugby,  and  Winchester,  for  of  these,  as  of  many  other  schools  of  high  repute, 
the  accounts  are  full  and  interesting.'— Notes  and  Queries. 

Stories  of  Inventors  and  Discoverers  in  Science  and 

Useful  Arts.  By  John  Tijibs,  F.S.A.   New  Edition.  With  numerous 
Illustrations.   Fcp.  3s.  6d.  cloth. 
*  Another  interesting  and  well-collected  book,  ranging  from  Archimedes 
and  Roger  Bacon  to  the  Stephensons.' — Athen^um. 

'  These  stories  are  as  marvellous  as  the  "  Arabian  Nights'  Entertain- 
ments,' '  and  are  wrought  into  a  volume  of  great  interest  and  worth.' — Atlas. 

Historic  Ninepins :  A  Book  of  Ciiriosities,  where  Old 

and  Young  may  read  Strange  Matters.  By  John  Times,  Author  of 
'  Things  not  generally  known,'  &c.  &c.  Cr.  8vo.  nearly  400  pp.  6s.  cloth. 
'  The  title  which  Mr.  Timbs  has  chosen  seems  to  suggest  that  he  regards 

the  game  of  bowling  over  erroneous  beliefs  as  one  which  is  too  amusing  to 

be  reserved  for  the  learned.' — Pall  Mall  GazHte. 


1^  -Popular  Books 


^^""^  of  England, 

Contemporary  ChronickTofMLern  wVj"''-*'''*''''"**^'^  ^"-""^  tlie^age.,  of 
Occun-enees  in  each  regn  w  to  Sw^oT  the*!^^  rem'arK 
Tnhii  '/"""^^"^^^^s-  Costumes,  &c  &c  of  fh„  Domestic 
Table,  &c.   By  CHARLEa  Selby    Tw»n;',  People,  Chronological 

paper,  with  Nine  BeaiUifuSstVatTons  h^j'^I^"*''  12mo.  fine 

elegant,  or  with  gilt  edges,  4';"^'^'^^"ons  by  Ajjelay,  price  38.  6d.  cloth 

^-A  SCHOOL  BBmoN,  ^^thout  the  Illustrations.  28.  6d.  cloth 

the  most  faTtSus^^^eSc^S^^^  unobiectio;able  to 

^  S°7colo?u!T,^  (irj\'  Times  to  the 

Principal  of  the  London^nterSkti^^al  CoUe^e''^.>f  ^^^^^^  ^■^■^■^■^ 
upwards  Of  100  Engrayings.   Small  tS  ftoth  With 

^^S^n^tT^^^^^^^  to  boys  this 

irom  our  own  experience.'-EDUciTioNAL  TniEs.  ''^'^  testify 

^'TiSs1otr.*?!f  t?el°^y  ?^  from  the  Earliest 

by  Dr.  L.  SchStz?'  PouSh  With^^^^^  ^^^^ 

8vo.  7s.  6d.  cloth.  iioition.   With  Portrait.   In  I  vol.  Post 

Dictionary  of  Daily  Wants^  S^  ^  n?'  ^^^*f^"t  Editor  of  'The 
Svo.  pp.  384,  2s.  OdT  cloth.    '  '  ^  ^ol-  crown 

ti<;ntiJT^aS'^riry'p:SotS3n?t^^^ 
it  contains  some  things  tlinlS^l^oo^tet^J^^^^^^^ 

is  'to'VhVp^clShoS^^^^^^  antiquarian  what «  Enquire  Within  " 
and  weulgested  iS^^^  S  1*^  ^^^.^d-acquired 

of  hurry  and  business,  is  the'tr^e  fColSof  ttoe!'  '^""^'^'^ 
.     .  VoLrorTEER  Service  Gazette. 

greJt^h^SnTh^irom^'?!:;"'^'^^  most  cases 

fearchV?5rv^lSrpS&^^^^^^  t^^o- 

Riddles  in  Rhyme :  a  Book  of  Enigmas,  Charades,  Con- 
Double  Acrostics.    By  various  Authors.    Edited  by 

Prife2s  6^.       '^""^''^^^'''^^•^^^^^'•S^^'^^  Inclothextra,giltedge{, 

Do  You  Give  It  Up  ?    A  Collection  of  the  most 
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UNIQUE   WEDDING  GIFT. 

The  Bridal  Bouquet :  Culled  in  the  Garden  of  Litera- 
ture.  By  Henry  Southgate,  Author  of  '  Many  Thoughts  of  Many 
Minds,'  &c.   With  Illustrations  from  designs  by  J.  D.  Watson,  E.  M. 
Wimperis,  and  T.  Kennedy.    Small  4to.,  printed  on  the  finest  paper  by 
Clay,  and  bound  in  a  superb  cover  of  white  and  gold,  delicately  flowered 
with  orange  blossoms.   Price  21s. 
***  The  letterpress  (400  pages,  double  columns),  consists  of  exfaracts  in 
Prose  and  Verse  fi-om  between  Five  and  Six  Hundred  Authors — alphabeti- 
cally from  Addison  to  Zimmerman,  chronologically  from  Homer  to  Tennyson 
— on  the  subjects  of  Love,  Courtship,  Marriage,  Domestic  Happiness, 
PamUy  Life,  &c.  &c. 

'  Very  exquisite  as  to  its  cover — very  beautifully  printed — tastefully  and 
profusely  Ulustrated— at  a  cost  of  only  a  guinea,  this  charming  book  will 
be  a  very  acceptable  present  to  any  bride.' — Standard. 
'  Mr.  Southgate  has  made  his  selections  with  great  skill.' 

COUBT  CiRCTJLAR. 

'  A  real  glory  for  the  drawing-room.'— Bookseller. 

'  It  is  not  always  easy  to  select  a  suitable  wedding  present,  but  no  one 
need  hesitate  in  reference  to  the  "  Bridal  Bouquet."  .  .  .  We  must  bear 
witness  to  the  refined  taste  which  has  presided  over  the  selection.  The 
volume  is  adorned  with  beautiftil  illustrations,  and  is  beautifully  bound.' . 

Queen. 

'the  father  of  english  poetry.' 
The  Riches  of  Chaucer :  In  which  his  Impurities  have 

been  expunged ;  liis  Spelling  Modernised  ;  his  Rhythm  Accentuated ; 
and  his  Obsolete  Terms  Explained  :  also  have  been  added  a  few  Explana- 
tory Notes  and  a  New  Memou-  of  the  Poet.   By  Charle.s  Cowden 
Clarke,  Author  of  '  Tales  in  Prose  from  Chaucer,' '  Shakespeare  Cha- 
racters,' '  Molifere  Characters,'  &c.   Third  Edition,  carefully  Revised. 
With  fine  Steel  Portrait  of  Chaucer,  and  Woodcuts,  crown  8vo.  elegantly 
printed  (642  pages),  Roxburghe  binding,  price  7s.  6d. 
'  Mr.  Clarke's  book  will  do  more  than  has  yet  been  done  towards  making 
that  which  has  always  been  a  pleasure  to  the  few  a  pleasure  to  the  many. 
He  has  modernised  Chaucer's  spelling,  but  without  impairing  the  antique 
beauty  of  his  vei-se  ;  and  his  system  of  accentuation  removes  the  last 
stumbling-block  from  the  feet  of  the  general  reader.' — Timks. 

BEST   EDITION   OF  LAMB'S  TALES    FROM  SHAKESPEARE. 

Tales  from  Shakespeare.    Designed  for  the  Use  of 

Young  Persons.  By  Chartjjs  and  Mary  LAnm.  Sixteenth  Edition, 
with  Steel  Portrait  and  Twenty  beautiful  full-page  engravings  by 
Harvey.   Fcp.  8vo.  extra  cloth  gilt,  price  3s.  6d. ;  gilt  edges,  4s. 

COMPANION   VOLUME  TO   LAMB'S  TALES. 

Tales  from  Chaucer,  in  Prose.    With  a  Memorial  of 

the  Poet.  Designed  chiefly  for  the  Use  of  Young  Persons.  By  Charles 
Cowden  Clarke,  Author  of  '  The  Riches  of  Chaucer,'  '  Shakespeare 
Characters,'  &c.   New  and  revised  Edition,  with  Twelve  full-page  en- 
gravings.  Pep.  8vo.  extra  cloth  gilt,  price  3s.  6d. ;  gilt  edges,  4s. 
'  For  intelligent  young  folk  a  pleasantcr,  and  at  the  same  time  more  pro- 
fitable gift,  it  would  be  hard  to  desire,  than  the  prose ' '  Tales  from  Chaucer." ' 
,  ,  ,  Daily  Telegraph 

Mr.  Clarke  has  done  that  for  Chaucer  which  Charles  and  Mary  Lamb 
did  for  Shakespeare.  The  quaint  old  stories,  with  their  digressions  "and  en- 
tanglements and  disfigurements,  have  been  taken  in  hand  by  him,  and  are 
here  presented  thoroughly  purged  fi-om  their  impurities  and  newly  dressed.' 

City  Press. 


Popular  Books 


WORKS  BY  THE  AUTHOR  OP  «A  TRAP 
TO  CATCH  A  SUNBEAM.' 


^  ^-^^S  to  Catch  a  Sunbeam.    Fortieth  Edition, 

price  9d.  cloth  ;  6d.  sewed.  ^txv^ii, 

J^t^i^  toi.  f'Je  ciel  t'cvidera,  is  the  moral  of  this  pleasant  and  interestine- 
sto^,  to  which  we  assign  in  this  Gazette  a  place  immed  atoly  Xr  Chari  J 
Dickens,  as  its  due,  for  many  passages  not  unworthy  of  Mm  and  for  a 


Also,  by  the  same  Author,  each  price  9d.  cloth ;  6d.  sewed. 
MARRIED  and  SETTLED. 
'  COMING  HOME ; '  a  New  Tale  for  all  Readers. 
OLD  JOLLIPPB  ;  not  a  Goblin  Story. 
The  SEQUEL  to  OLD  JOLLIFFE. 
The  HOUSE  on  the  ROCK. 
'  ONLY ; '  a  Tale  for  Young  and  Old. 
The  CLOUD  with  the  SILVER  LINING. 
The  STAR  in  the  DESERT. 

AMY'S  KITCHIN,  a  Village  Romance  :  a  New  Story. 
'A  MERRY  CHRIST5IAS.' 


Simbeam  Stories.    A  Selection  of  the  Tales  by  the 

Author  of  '  A  Trap  to  Catch  a  Sunbeam '  Sic.  lUustrated  by  Absolon 
and  Anelay .  PmsT  Series.  Contents  :-  A  Trap  to  Catch  a  Sunbeam- 
Old  J olliile— The  Sequel  to  Old  Jollifle— The  Star  in  the  Desert—'  Only ' 
— '  A  Merry  Christmas.'   Fcp.  3s.  6d.  cloth,  elegant. 

Sunbeam  Stories.   Second  Series.  Illustrated  by  Ab- 

solon  and  Anelay.  Contents :— The  Cloud  -nith  the  Silver  Lining- 
Coming  Home— Amy's  Kitchen— The  House  on  the  Rock.  Fcp.  3s.  6d. 
cloth  elegant. 

Sunbeam  Stories.     Third  Series.     Illustrated  by 

James  Godwin,  &c.  Contents  :— The  Dream  Cliintz— Sibert's  World  ; 
or,  Cross  Purposes.   Fcp.  price  3s.  6d.  cloth  elegant. 

Sunbeam   Stories.     Fourth   Series.     Contents : — 

Minnie's  Love,  and  the  New  Tale,  Man-ied  and  Settled.  Illustrated 
with  four  full-page  Engravings.    Pep.  cloth  elegant,  3s.  6d. 
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Works  by  the  Author  of  'A  Trap  to  Catch  a  Sunbeam ' — continued. 
Little  Sunshine:  a  Tale  to  be  Eead  to  very  Young 

Children.  By  the  Author  of  '  A  Trap  to  Catch  a  Stmbeam.'  In  sqnare 
16mo.  coloured  borders,  engraved  Frontispiece  and  Vignette,  cloth 
boards,  price  2s. 

'Just  the  thing  to  rivet  the  attention  of  children.' 

Stamford  Mbrcuhy. 
'  Printed  in  the  bumptuous  manner  that  children  hke  best.' 

'  Bradford  Observer. 

'  As  pleasing  a  child's  book  as  we  recollect  seeing.' 

Plymouth  Herald. 

Sibert's  World;  or,  Cross  Purposes.    A  Tale.  By 

the  Author  of  '  A  Trap  to  Catch  a  Sunbeam,'  &ic.  &c.  Third  Edition, 
cloth  limp,  2s. 

The  Dream  Chintz.    By  the  Aiithor  of  *  A  Trap  to 

Catch  a  Sunbeam,' &c.  AVith  Illustrations  by  James  Godwin.  Second 
Edition,  in  appropriate  fancy  cover,  cloth,  2s.  6d. 

'  We  take  leave  of  this  little  book  with  unfeigned  regret.  Its  whole  spirit 
and  tendency  is  to  purify,  strengthen,  console  ;  to  make  us  contented  with 
our  lot ;  to  lead  us  never  to  doubt  Almighty  mercy,  nor  to  relax  in  our  own 
proper  exertions  ;  to  be  kind  and  charitable  to  our  fellow- creatures,  and  to 
despise  none,  since  none  are  created  in  vain  ;  to  hope,  believe,  love  here,  as 
we  desire  hereafter  to  meet  again  the  loved  ones  who  have  gone  before  into 
"  the  beautiful  country."  '—Literary  Gazeti'e. 


The  Bible  Opened  for  Children.    In  Two  Series. 

Comprising  numerous  Stories  from  the  Old  and  New  Testament.  By 
Mary  Bradford.  Illustrated  with  Twelve  full-page  Engravings  by 
Dalziel  Brothers.   Small  crown  8vo.  cloth,  price  2s.  6d. 

•  The  stories  of  the  lives  and  adventures  of  Scriptural  characters  are 
herem  simply  told,  and  all  those  parents  who  feel  the  impossibility  of  giv- 
ing Children  of  tender  years  the  Bible  to  rend,  may  overcome  the  difficulty 
they  have  in  conveying  to  their  minds  the  facts  of  the  sacred  narrative  by 
consulting  this  neat  little  volume,  which  is  adequately  illustrated  by  the 
famous  Dalziels.'— "Weekly  Dispatch. 

'  The  writer  of  this  book  has  made  a  successful  attempt  to  relate  several 
of  the  principal  nan-atives  embodied  in  the  Old  and  New  Testaments  in 
simple  language,  and  in  an  easy  style,  suited  to  the  comprehension  of  young 
children  who  are  thereby  led  to  gain  amore  intimate  acquaintance  with  the 
principa  events  in  Bible  history  than  they  would  if  they  had  read  them  for 
the  first  time  in  the  Bible  itself .' -Bookseller. 
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Popular  Books 


A  SERIES  OF  ELEGANT  GIFT-BOOKS. 
Truths  Illustrated  by  Great  Authors ;  A  Dictionary 

of  nearly  Four  Thousand  Aids  to  Reflection,  Quotations  of  Jlaximi 
Metapliors,  Counsels,  Cautions,  Proverbs,  Aphorisms,  &c  <S:c.  In' 
I'rose  and  Verse.  Compiled  from  the  Great  Writers  of  all  Ages  and 
Countries.  Fourteenth  Edition,  fcap.  8vo.  cloth  extra,  bevelled,  tjilt 
edges,  568  pp.  5s. 

'  The  quotations  are  perfect  gems ;  their  selection  evinces  sound  judgment 
and  an  excellent  taste.' — Dispatch. 

'  We  know  of  no  better  book  of  its  kind.'— Examixkh. 

The  Philosophy  of  William  Shakespeare ;  delineating, 

in  Seven  Hundred  and  Fifty  Passages  selected  from  his  Play.=,  the 
Multiform  Phases  of  the  Human  Mind.  With  Index  and  References. 
Collated,  Elucidated,  and  Alphabetically  arranged  bv  the  Editors  of 
'Truths  Illustrated  by  Great  Authors.'  Second  Edition,  fcp.  8vo. 
cloth,  gUc  edges,  nearly  700  pages,  with  beautiful  Vignette  Title,  price 
5s. 


'  A  glance  at  this  volume  w'ill  at  once  show  its  superiority  to  Dodd's 
'  Beauties,'  or  any  other  volume  of  Shakespearian  selections. 

Songs  of  the  Soul  during  its  Pilgrimage  Heaven- 
ward ;  being  a  New  Collection  of  Poetry,  illustrative  of  the  Power  of  the 
Christian  Faith;  selected  from  the  Works  of  the  most  eminent  British, 
Foreign,  and  American  Writers,  Ancient  and  Modern.  Original  and 
Translated.  By  the  Editors  of  'Truths  Illustrated  by  Great  Authors,' 
&c.  Third  Edition,  fcp.  8vo.  cloth,  gUt  edges,  638  pages,  with  beautiful 
Frontispiece  and  Title,  price  5s. 


This  elegant  volume  will  be  appreciated  by  the  admirers  of  '  The 
Christian  Year.' 

The  Beauty  of  Holiness  ;  or,  The  Practical  Christian's 

Daily  Companion:  being  a  Collection  of  upwards  of  Two  Thousand 
Reflective  and  Spiritual  Passages,  remarkable  for  their  sublimity, 
beauty,  and  practicability ;  selected  from  the  Sacred  Writings,  and 
arranged  in  eighty-two  sections,  each  comprising  a  different  theme  for 
meditation.    By  the  Editors  of  '  Truths  Illustrated  by  Great  Authors.' 
Fourth  Edition,  fcp.  8vo.  cloth,  gilt  edges,  536  pp.,  5s. 
'Every  part  of  the  Sacred  Writings  deserves  our  deepest  attention  and 
research,  but  all,  perhaps,  may  not  be  equally  adapted  to  the  purposes  of 
meditation  and  reflection.   Those,  therefore,  who  are  in  the  constant  habit 
ofjconsulting  the  Bible  wUl  not  object  to  a  selection  of  some  of  its  most 
sublime  and  impressive  passages,  arranged  and  classed  ready  at  once  to  meet 
the  eye.'— Extract  from  PRjiFACE. 

Gone  Before :  A  Manual  of  Consolation  for  the  Bereaved 

and  a  Well  of  Sympathy  for  the  HoiTowing.  filled  from  Many  Som-ces. 
Being  a  Collection  of  Great  Thoughts  on  Bereavement,  Consolation, 
and  Resignation,  from  the  Works  of  Celebrated  Poets,  Authors,  and 
Divines  of  all  Ages,  and  from  the  inspired  pages  of  Holy  Writ  By 
Henry  Soutugate,  Author  of  '  JIany  Thoughts  of  Many  Minds,'  '  The 
Bridal  Bouquet,'  &c.  Tlilrd  Edition,  revised,  fcp.  8vo.  400  pp.,  price 
3s.  6d.  in  a  handsome  and  appropriate  cloth  binding. 

'Characterised  by  great  taste  and  tenderness,  and  will  make  a  most 
acceptable  present  to  any  who  are  bemoaning  the  loss  of  beloved  fi-iends.' 

Chuistiax  World. 

'  Will  be  welcome  to  many  a  sorrov^'ing  heart.'— Public  Opimox. 
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THREE   BOOKS   ON   THE   UNSEEN   WORLD,  ETC. 

Mysteries  of  Life,  Death,  and  Futurity.  Illustrated 

from  the  best  and  latest  Authorities.  Contents  :— Life  and  Time  ; 
Nature  of  the  Soul ;  Spiritual  Life ;  Mental  Operations  ;  Belief  and 
Scepticism ;  Premature  Interment ;  Phenomena  of  Death  ;  Sin  and 
Punishment  ;  The  Crucifixion  of  Oirr  Lord ;  The  End  of  the  World  ; 
Man  after  Death  ;  The  Intermediate  State ;  The  Great  Resurrection  ; 
Eecognition  of  the  Blessed ;  The  Day  of  Judgment  ;  The  Future 
States,  iSic.  By  Horace  Welby,  With  an  Emblematic  Frontispiece. 
Fcp.  3s.  6d.  cloth. 

'  A  pleasant,  dreamy,  charming,  startling  little  volume,  every  page  of 
which  sparkles  like  a  gem  in  an  antique  setting.'— Weekly  Dispatch.  _ 

'  The  scoffer  might  read  these  pages  to  his  profit,  and  the  pious  believer 
will  be  charmed  with  them.  Burton's  "Anatomy  of  Melancholy"  is  a  fine 
suggestive  book,  and  full  of  learning  :  and  of  the  volume  before  us  we  are 
inclined  to  speak  in  the  same  terms.'- — Eua. 

The  Literature  and  Curiosities  of  Dreams ;  A 

Common-place  Book  of  Speculations  concerning  the  Mystery  of  Dreams 
and  Visions,  Becords  of  Cm-ious  and  Well- authenticated  Dreams,  and 
Notes  on  the  Various  Modes  of  Interpretation  adopted  in  Ancient  and 
Modern  Times.  By  Frank  Seaeield,  M.A.  New  and  Revised  Edition. 
Post  8vo.  536  pages,  7s.  6d.  cloth. 

'  A  volume  full  of  rare  and  curious  information.' — Observer. 

'  Inexhaustible  materials  for  conversation  and  argument.' 

Pall  Mall  Gazette. 

Predictions  Realized  in  Modern  Times.    Now  first 

Collected.  Contents  :— Days  and  Numbers;  Prophesying  Almanacs; 
Omens ;  Historical  Predictions  ;  Predictions  of  the  French  Revolution ; 
The  Bonaparte  Family  ;  Discoveries  and  Inventions  anticipated  ; 
Scriptural  Prophecies,  &c.  By  Horace  Welby.  With  a  Frontispiece, 
fcp.  3s.  6d.  cloth. 

'A  volume  containing  a  variety  of  curious  and  startling  narratives  on 
many  points  of  supernaturalism,  well  calculated  to  gratify  that  love  of  the 
marvellous  which  is  more  or  less  inherent  in  us  all.' — Notes  and  Queries. 


The  Tongue  of  Time ;  or,  The  Language  of  a  Church 

Clock.  By  William  Harrison,  A.M.,  Domestic  Chaplain  to  H.R.H. 
the  Duchess  of  Cambridge  :  Rector  of  Birch,  Essex.  Seventh  Edition, 
with  beautiful  Frontispiece,  fcp.  2s.  6d.  cloth. 

Science  Elucidative  of  Scripture,  and  not  antago- 
nistic to  it.  Bemg  a  Series  of  Essays  on--l.  Alleged  Discrepancies; 
2.  The  Theories  of  the  Geologists  and  Figure  of  the  Earth ;  3.  The 
Mosaic  Cosmogony  ;  4.  Miracles  in  General — Views  of  Hume  and 
Powell ;  5.  The  Miracle  of  Joshua— Views  of  Dr.  Colenso  ;  The  Super- 
naturally  Impossible  ;  6.  The  Age  of  the  Fixed  Stars-  their  Distances 
and  Masses.  By  Professor  J.  R.  Yorao,  Author  of  '  A  Course  of  Elemen- 
tary Mathematics,'  &c.  &c.  Fcp.  8vo.  price  5s.  cloth  lettered. 
'  Distinguished  by  the  true  spirit  of  scientific  inquirj',  by  great  knowledge, 

by  keen  logical  ability,  and  by  a  style  peculiarly  clear,  easy,  and  energetic' 

Nonconformist. 

The  Twin  Records  of  Creation;  or,  Geology  and 

Genesis,  their  Perfect  Harmony  and  Wondei-ful  Concord.   By  George 
W.  Victor  le  Vaux.  With  numerous  lUustrations.  Fcp.  8vo.  5s.  cloth. 
'  A  valuable  contribution  to  the  evidences  of  Revelation,  and  disposes  very 
conclusively  of  the  arguments  of  those  who  would  set  God's  works  against 
God's  Word.  No  real  diflSculty  is  shirked,  and  no  sophistry  is  left  unexposed.' 

The  Rock. 
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P'opular  Books 


Merchant  Shipping 
Mortgages 
Settlements 

Stock  Exchange  Pragtice 
Trespass,  Nuisances,  &c. 
Transfer  of  Land,  &c. 
Warranties  and  Guarantees 


T    4.  -vr  '^^Omi  LAWYERS'  BILLS  I 

Just  published,  J,ew  Edition  much  enlarged.  Crown  8vo.  cloth,  price  Ss.  8d 

■P  HJT  ^  (saved  at  eveiycons«ltation). 

Every  Mans  Own  Lawyer:  a  Handy  Book  of  the 

^    a^KSv^  t^hrLaSr^  aan.  YnTl?;^ 

Bankruptcy 
Bets  and  vVagera 
Bills  of  Exchange 
Contracts  and  Agreements 
Copyright,  Patents,  and  Trade  Marks 
Elections  and  liegistration 

iibe[  and  ffi^r  '  ^"^'^  ^  Guarantees 

Dower^and'cWorce  |       """'Zt^^I^t  -'^S'— Bonds, 

T     „   J     ,  r,,  -^1^°  for 

?w-f     o'^  Tenant-Master  and  Servant- Workmen  and  Apprentices- Husband 
w"^  Y'Ar^?'','='i,V°"  '""^  Trustees-Heirs.  Devisees,  and  LegXs-Gua'-di"n  and 
Debto?  .nJrr^^vr "  ^"'^  Infants-Partners  and  Agents-Lender  and  Borrowed 
-Debtor  and  Creditor- Purchaser  and  Vendor-Companies  and  Association^ 
Binwf  Clergymen,  Churchwardens,  &c.-Medical  Practu'oners  &c^ 

Bankers- Farmers- Contractors-Stock  anil  Share  Brokers-Sportsmen,  Game- 
keepers-Farriers and  Horsedealers- Auctioneers,  House  Agents-Innkeepers 
Bakers,  Millers,  &c.-Pawnbrokers_Surveyor8-Raiiways,  Carriers,  &c.-Constabie8 
—Labourers— Seamen— Soldiers,  &c.  &c.  iws.i^c.  v^onsiaoies 

'  What  it  professes  to  be,  a  complete  epitome  of  the  laws  of  this  country 
thoroughly  intelligible  to  non-professional  readers.  The  book  is  a  handy 
one  to  have  in  readiness  when  some  knotty  point  requires  ready  solution, 
and  will  be  found  of  service  to  men  of  business,  magistrates,  and  all  who 
na,ve  a  hoiTor  of  spending  money  on  a  legal  adviser.'— Bell's  Life. 

A  work  which  has  long  been  wanted,  which  is  thoroughly  weU  done  and 
wbich  w-e  most  cordially  recommend.'— Sdnday  Tdies. 

'  No  E)igli.thnmn  ought  to  be  without  this  book  any  person  perfectly  unin- 
formed on  legal  matters,  who  may  require  sound  information  on  unknown 
law  points,  wiU,  by  reference  to  this  book,  acquire  the  necessary  information  • 
and  thus  on  many  occasions  save  the  expense  and  loss  of  time  of  a  visit  to  a 
lawyer.' — Engineer. 

'  It  is  a  complete  code  of  English  law,  written  in  plain  language,  which 

all  can  understand  Should  be  in  the  hands  of  every  business  man,  and 

all  who  wish  to  abolish  lawyers'  bills.'— Weekly  Tlmes. 

The  Pocket  English  Classics.    32mo.  neatly  printed, 

bound  in  cloth,  lettered,  price  6d.  each  :— 
The  Vicar  op  Wakefield. 
Goldsmith's  Poeiical  Works. 
Falconer's  Shipwreck. 


Kasselas. 
Sterne's  Sentuiental  Journey, 
locice  on  the  understanding. 
Thomson's  Seasons. 
Inchbaijj's  Nature  and  Art. 
Bloojifusld's  Parjier's  Boy. 
Coleridge's  Ancient  Mariner 


Scott's  Lady  of  thb  Lake. 
Scott's  Lay. 

Walton's  Angler,  2  Parts,  Is. 
Elizabeth;  or,  The  Exiles. 
CowpER's  Task. 

Pope's  Essay  and  BLAiit's  Gra'S'E. 
Gray  and  Collins. 
Gay's  Fables. 
Paul  and  Virginia. 


The  Instant  Reckoner.    Showing  the  Value  of  any 

Quantity  of  Goods,  including  Fractional  Parts  of  a  Ponnd  Weight,  at 
any  price  from  One  Farthing  to  Twenty  Shillings  ;  with  an  Introduction 
embracing  Copious  Notes  of  Coins,  Weights,  Measures,  and  other  Com- 
mercial and  Useful  Information  ;  and  an  Appendix,  containing  Tables 
of  Interest,  Salaries,  Commissions,  &c.  18mo.  Is.  6d.  cloth,  or  2s. 
strongly  bound  in  leather. 

Indispensable  to  every  housekeeper. 


Published  by  Crosby  Loehwood  Go. 
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DELAMOTTE'S  WORKS 

ON  ILLUMINATION,  ALPHABETS,  &c. 
A  Primer  of  the  Art  of  Illumination,  for  the  use  of 

Beginners,  with  a  Rudimentary  Treatise  on  the  Art,  Practical  Direc- 
tions for  its  Exercise,  and  numerous  Examples  taken  from  niuminated 
MSS.  and  beautifully  printed  in  gold  and  colours.   By  F.  Delamotte, 
Small  4to.  price  9s.  cloth  antique. 
'  A  handy  book,  beautifully  illustrated  ;  the  text  of  which  is  well  written,  and 

calculated  to  be  useful  Tlie  examples  of  ancient  MSS.  recommended  to  tlie 

student,  which,  with  nuicli  good  sense,  the  author  chooses  from  collections  accessible 
to  all,  are  selected  with  judgment  and  knowledge,  as  well  as  taste.' — Athen^um. 

'  Modestly  called  a  Primer,  this  little  book  has  a  good  title  to  be  esteemed  a 
manual  and  guide-book  in  the  study  and  practice  of  the  different  styles  of  letter- 
ing used  by  the  artistic  transcribers  of  past  centuries....  An  amateur  may  with  this 
silent  preceptor  learn  the  whole  art  and  mystery  of  illumination.'— SpECrATOR. 

'  The  volume  is  very  beautifully  got  up,  and  we  can  heartily  recommend  it  to  the 
notice  of  those  who  wish  to  become  proficient  in  the  art.'— English  Churchman 

'  We  are  able  to  recommend  Mr.  Delamotte's  treatise.  The  letterpress  is  modest'ly 
but  judiciously  written  ;  and  the  illustrations,  which  are  numerous  and  well  chosen 
are  beautifully  printed  in  gold  and  colours.'— Ecclesiolooist.  ' 

The  Book  of  Ornamental  Alphabets,  Ancient  and 

MediEBval,  from  the  Eighth  Century,  with  Numerals.  Including  Gothic 
Church  Text,  large  and  small ;  German,  Italian,  Arabesque,  Initials  for 
Illumination,  Monograms,  Crosses,  &o.  &c.  for  the  use  of  Architectural 
and  Engmeenng  Draughtsmen,  Missal  Painters,  Masons,  Decorative 
Paintere,  Lithographers,  Bugravors.  Cai'vers,  &c.  &c.    Collected  and 
Engraved  by  F.  Delamotte,  and  .printed  in  Colours.   Eighth  Edition 
royal  8vo.  oblong,  price  4s.  cloth.  ' 
'  A  well-known  engraver  and  draughtsman  has  enrolled  in  this  useful  book  the 
result  of  many  years'  study  and  research.    For  those  who  insert  enamelled  sen- 
tences round  gilded  chalices,  who  blazon  shop  legends  over  shop-doors,  who  letter 
church  walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be  useful 
Mr.  Delamotte's  book  was  wanted.'— Athenaeum.  "»«-iui. 

Examples  of  Modern  Alphabets,  Plain  and  Ornamen- 
tal.   Including  German,  Old  English,   Saxon,  Italic,  Perspective 
Greek,  Hebrew,  Court  Hand,  Engrofsing,  Tuscan,  Riband,  Gothic' 
Rustic  and  Arabesque,  with  several  original  Designs  and  Numerals' 
Collected  and  Engraved  by  F.  DELAjroiTE,  and  printed  in  Colours 
Sixth  Edition,  royal  8vo.  oblong,  price  4s.  cloth. 
'  To  artists  of  all  classes,  but  more  especially  to  architects  and  engravers  this  verv 
handsome  book  w.U  be  myaluahle.    There  is  comprised  in  it  cveiy  poss  b  e  ''^ane 
into  which  the  letters  of  the  alphabet  and  numerals  can  be  formed,  fnd  the  ta  e"t 
rclVetl^ro^er^rT'-^^^^^^^^^^^^  ^^'^^^  and"r.^':iVa{ 

Mediaeval  Alphabet  and  Initials  for  Illuminators 

By  P.  Delamotte.  Containing  21  Pl.ates,  and  Illuminated  Title 
piinted  m  Go  d  and  Colours.  With  an  IntroductionT  j  WttS 
Brooks.   Small  4to.  6s.  cloth  gilt.  ^  "y  j.  vvii,lis 

'  A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  eildins  and 
all  the  colours  of  the  pnsm  interwoven  and  intertwined  and  intermKd  so^e 
times  with  a  sort  of  rainbow  arabesque.  A  poem  emblaroni-d  in  twJ"  i 
would  be  only  comparable  to  one  ofShose  d'encTou^  We  let  ers  sjmbo  'sed  in'a 
bunch  of  flowers  well  selected  and  cleverly  arranged.'— Snu.  sjmDoiised  m  a 

The  Embroiderer's  Book  of  Desig^n,  containing  Initials 

Emblems  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiasticnl 
Devices,  MediiBval  and  Modem  Alphabets  and  National  Emblemf  Bv 
F.  DELAMO-n-E.  Printed  in  Colours.  Oblong  royal  8vo  2s  6d  in 
ornamental  boards.  .it,,  oa.  in 
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Popular  Books 


BOHN'S  MINIATURE  LIBRARY. 

A  Series  of  elegantly  printed  Pocket  Volumes,  each  containing 
a  fine  Steel  Frontispiece  or  Portrait,  and  bound  in  best  red  cloth, 
gilt  back  and  sides. 

Barbauld  and  Aikin's  Evenings  at  Home.    2s.  6d. 
Bonrrienne's  Memoirs  of  Napoleon.    3s.  6d. 
B3rron's  Poetical  Works,  with  Life  by  H.  Lytton 

BULWBR.    3s.  Gd. 

Bunyan's  Pilgrim's  Progress,  with  a  Life  and  Notes. 

Trontispiece  and  25  full-sized  Woodcuts.    3s.  Cd. 

Cheever's  Lectures  on  Bunyan's  Pilgrim's  Progress, 

and  the  Life  and  Times  of  Buuyan.   2s.  Gd. 

Coleridge's  Select  Poetical  Works.  2s, 

Cowper's  Poetical  Works,  with  all  the  Copyright 

Poems,  and  a  Short  Life  by  Southey.   3s.  Gd. 

Dryden's  Poetical  Works.    3s.  6d. 

Encyclopsedia  of  Manners  and  Etiquette,  comprising 

Chesterfield's  Advice,  &c.  2s. 

Heber's  (Bp.),  Hemans'  (Mrs.),  and  Radcliflfe's  (Ann) 

Poetical  Works.    3  Vols,  in  1.    2s.  Gd. 

Herrick's  Poetical  Works.    2s.  6d. 

Milton's  Poetical  Works,  Complete.    With  Life  by 

Dr.  Stebbing.    3s.  Gd. 

Ossian's  Poems.    Translated  by  Macpherson.    2s.  6d. 
Pope's  Homer's  Iliad,  with  Notes  and  Lidex.  3s. 
Scott's  Poetical  Works.   3s.  6d. 
Sturm's  Reflections  on  the  Works  of  God.  3s. 
Thomson's   Seasons,  with  his  Castle  of  Indolence. 

With  4  fine  Woodcuts  by  Harvey.  2s. 

Vathek  and  the  Amber  Witch.    2s.  6d. 
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The  Domestic  Service   Guide  to  Housekeeping:; 

Practical  Cookery  ;  Pickling  and  Preserving  ;  Household  "Work  ;  Dairy 
Management ;  the  Table  and  Dessert ;  Cellarage  of  Wines  ;  Home- 
Brewing  and  Wine-Making  ;  the  Boudoir  and  Dressing-room  ;  Invalid 
Diet ;  Travelling  ;  Stable  Economy  ;  Gardening,  &c.  A  Manual  of  all 
that  pertains  to  Household  Management:  from  the  best  and  latest 
authorities,  and  the  communications  of  Heads  of  Families;  with  several 
hundred  new  recipes.  In  a  closely-printed  Volume,  in  a  clear  and  legible 
type,  post  8vo.  5s.  cloth. 
'  A  really  useful  Guide  on  the  important  subjects  of  which  it  treats.' 

Spectator. 

'  The  best  cookery  book  published  for  many  years.' 

Bell's  Messenger. 
'  We  find  here  directions  to  be  discovered  in  no  other  book,  tending  to 
save  expense  to  the  pocket,  as  well  as  labour  to  the  head.   It  is  truly  an 
astonishing  book.' — John  Bull. 

Wholesome  Fare  ;  or,  The  Doctor  and  the  Cook,  A 

Manual  of  the  Laws  of  Pood  and  the  Practice  of  Cookery.  Embodying 
the  best  Receipts  in  British  and  Continental  Cookery  ;  with  Hints  and 
Receipts  for  the  Sedentary,  the  Sick,  and  the  Convalescent.  By  Edmd. 
S.  and  Ellen  J.  Delamere.   Post  8vo.  pp.  800.  9s.  cloth. 
'  The  first  really  readable  and  amusing  cookery  book  since  Kitchener's. 
The  Author  of  "  Wholesome  Fare  "  is  something  more  than  a  cook  and  a 
physician  ;  he  is  a  philosoi)her,  and  will  astonish  his  readere  here  and  there 
with  things  not  generally  known,  yet  as  true  and  obvious  as  daylight.' 

'  The  most  complete  and  satisfactory  volimie  on  the  culinary  art  we^Ve 
ever  seen.  As  superior  to  the  ordinary  cookerv  books— notwithstanding 
their  pretentious  coloured  pictures,  and  their  meretricious  and  often  worth- 
less receipts— as  a  diamond  is  to  a  glass  imitation  of  that  gem.' 

. « -iTTu  1  ., .      .  Country  Life. 

Wholesome  Fare  is  unique  in  this  kind  of  literature.  .  .  .  There  is  so 
much  anecdote  and  pleasant  reading  in  the  work,  that  it  might  weU  deserve 
a  place  in  any  library,  circulating  or  stationary.' 

LoNDox  Society  ('  Piccadilly  Papers,'  March,  1868). 
llie  introductory  chapters  contain  more  sound  sense  and  culinaiT  che- 
mistry, clearly  conmiunicated,  tlian  any  of  the  numerous  cookery  books  we 
have  met  with.'— Morxing  AovEimsER. 

The  Laws  and  Bye-Laws  of  Good  Society :  a  Code  of 

Modern  Etiquette.    32mo.  neatly  bound,  price  6d. 

The  Art  of  Dressing  Well :  a  Book  of  Hints  on  the 

Choice  of  Colours  to  suit  the  Complexion  and  the  Haii- ;  with  the 
SceGd.  °*        Art  of  Dress.  &c.   32mo.  beatly  hound! 

inf.^'''"-Pr"7F"^®''°^"'^^.^°'^*^°'^        ^'^■^e  the  privilege  of  entering 
into  society,  but  are  unacquainted  with  its  forms.'— Sl'nd  a,y  Time« 

These  little  books  are  superior  to  those  usually  published  on  similar 
subjects  ;  they  are  gems  in  their  way.'-CiviL  Service  Gazeti'e. 

Richard  Cobden,  the  Apostle  of  Free  Trade:  a 

Biography  By  John  McGilchrist,  Author  of  'The  Life  of  Lord 
Dundonald.'   With  PhotographicPoiWtand  Autograph,  and  v5gSte 

nc'  Tif,i  Cohdep,  as  it  gradually  developed  itself,  is  unfolded  before 

us  and  the  volume  brings  to  a  focus  many  most  interesting  expressions  of 
the  deceased  statesman's  views.'— London  Review  c.^^xt^bbions  oi 

'  Those  who  wish  to  know  something  of  Richard  Cobden  will  find  instrno 
tion  and  interest  in  the  book.'— Reader.  mstrno- 
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BOOKS  FOR  THE  COUNTRY. 

New  Edition  of  Youatt's  Grazier,  enlarged  by  R.  Scott  Burn. 
The    Complete   Grazier,   and  Farmer's  and  Cattle 


Outlines  of  Modern  Farming.    By  R.  Scott  Burn. 

Soils  Manures,  and  Crops— Farming  and  Farming  Economy,  Historical 
and  Practical— Cattle,  Sheep,  and  Horses— Management  of  the  Dairy 
Pigs,  and  Poultry,  with  Notes  on  the  Diseases  of  Stock— Utilisation  of 
Town  Sewage,  Irrigation,  and  Reclamation  of  Waste  Land  New 
Edition.  In  1  vol.  1.250  pp.  half  bound,  profusely  illustrated,  price  12s. 
There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a 
farmer  from  going  far  wrong  in  any  of  his  operations.'— Orserver. 

'  The  aim  of  the  autlior  lias  been  to  make  his  work  at  once  compre- 
hensive and  trustworthy,  and  in  this  aim  he  has  succeeded  to  a  degree 
which  entitles  him  to  much  credit. — Mokntng  Advertiser. 

A  Plain  Guide  to  Good  Gardening ;  or,  How  to  Grow 

Vegetables,  Fruits,  and  Flowers.  With  Practical  Notes  on  Soils, 
Manures,  Seeds,  Planting,  Laying-out  of  Gardens  and  Grounds,  and  on 
the  various  kinds  of  Garden  Structures.  By  S.\muel  Wood  (late  gar- 
dener to  Sir  B.  P.  Wrey,  Bart.),  Author  of  '  Gardening  for  the  Cottage.' 
Second  Edition,  with  very  considerable  Additions,  &c..  and  numerous 
Illustrations.  Crown  8vo.  pp.  416,  cloth  elegant,  price  5s. 
« A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical 

guide.    The  practical  directions  are  excellent.'— ATHENiEUir. 

'A  thorouglily  useful  Guide  Book  for  the  amateur  gardener  who  may 

want  to  makj  his  plot  of  land  not  merely  pretty,  but  useful  and  profitable.' 


'  Written  by  a  practical  man,  and  gives  practical  instructions  which  it  is 
easy  for  amateurs  to  understand.'— Saturday  Re\t:ew. 

'  May  be  rdcommended  to  young  gardeners,  cottagers,  and  specially  to 
amateurs,  for  the  plain,  simple,  and  trustworthy  information  it  gives  on 
common  matters  too  often  neglected.'— Gabdexer's  Chroxicle. 


The  Lessons  of  My  Farm:    A  Book  for  Amateur 


Agriculturists  ;  being  an  Introduction  to  Farm  Practice  in  the  Cul- 
ture of  Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
Pigs,  and  in  the  Keeping  of  Farm-work  Records.  By  Robert  Scott 
BURX,  Editor  of  '  The  Year-Book  of  Agricultural  Facts,' and  one  of  the 
Authors  of  'Book  of  Farm  Implements  and  Machines,'  and  'Book  of 
Farm  Buildings.'  With  numerous  Illustrations,  fcp.  6s.  cloth. 
'  A  very  useful  little  book,  written  in  the  lively  style  which  will  attract 

the  amateur  class  to  whom  it  is  dedicated,  and  contains  much  sound  advice 

and  accurate  description.'— Athen^um. 
'  A  most  complete  introduction  to  the  whole  round  of  farming  practice.' 


jjiii-c  ^L.  ±a.,  tsuruugiy  uau-Douna. 

'  The  standard  and  text-book  with  the  farmer  and  grazier.' 


Farmer's  Magaztxe. 
n  the  subject  as  long  as 
I. 


Daily  Telegraph. 


John  Btji-u 


SPOTTISWOODK  AND  CO.,  PRlNTKltS.  S K VV-.SrilEET  SQUARM,  l.O.VDOX  . 


JOHN  TIMBS'S 
..Things  Not  Generally  |Cnown." 


"Any  one  who  reads  and  remembers  Mr.  Timbs's  encyclopffidio  varieties 
should  ever  after  be  a  good  table  talker,  an  excellent  companion  lor  children, 
a 'well-read  person,'  and  a  prolioient  lecturer.' —^<Ae«<et()n. 


THINGS  NOT  GENERALLY  KNOWN 

FAMILIARLY  EXPLAINED. 

By  John  Timbs,  E.S.A.,  Author  of '  Curiosities  of 
London/  &c.    In  5  double  Volumes  as  under. 

"As  full  of  information  as  a  pomegranate  is  full  of  seed."— PitwcA. 
"  A  very  amusing  miscellany."—  Gentleman's  Magazine. 
"And  as  instructive  as  it  is  amusing."- i\rofe«  and  Queriei. 

1.  GENERAL     INFORMATION.    In  1  double 

Volume,  5s.  cloth. 

2.  CURIOSITIES  OF  SCIENCE.   In  1  double 
.   Volume,  5s.  cloth, 

3.  CURIOSITIES  of  HISTORY;  POPULAR 

ERRORS  EXPLAINED.   In  1  double  Volume, 

6s.  cloth. 

4  THINGS  TO  BE  REMEMBERED  IN 
DAILY  LIFE.  NOTABLE  THINGS  OF 
OUR  OWN  TIME.  In  1  double  Volume,  price  Ss. 
cloth. 

8  A  GARLAND  for  THE  YEAR,  with  SOME- 
THING FOR  EVERYBODY;  KNOW- 
LEDGE FOR  THE  TIME.  In  1  doiible 
Volume,  6s,  cloth. 


London :  LOCKWOOD  &  Co.,  Stationers'  Hall  Court,  B.C. 

AtuI  sold  by  all  Booksellers. 
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